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TO ALL WHOM IT MAY CONCERN: 



Be it known that we, RICHARD B. MEAGHER, a citizen of the United States 
of America, residing at 635 Sandstone Drive, Athens, GA 30605, U.S.A., and VINCE 
LATERZA, a citizen of the United States of America, residing at 610 Webster Drive, 
Decatur, GA 30033, have invented new and useful improvements in 

RAPID PRODUCTION OF MONOCLONAL ANTIBODIES 

for which the following is a specification. 
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RAPID PRODUCTION OF MONOCLONAL ANTIBODIES 

This application claims priority to U.S. Provisional Application No. 60/270,322 
filed on February 20, 2001, which is hereby incorporated by this reference in its 
entirety. 

FIELD OF THE INVENTION 

The present invention relates to genetically altered hybridomas, myelomas and 
B cells. The invention also relates to utilizing genetically altered hybridomas, 
myelomas and B cells in methods of making monoclonal antibodies. 

BACKGROUND 

Major efforts in functional genomics and proteomics are creating an 
unprecedented demand for monoclonal antibodies to be used for protein function 
studies. Monoclonal antibodies can be used in every stage of research involving protein 
target discovery and characterization including purification, quantification, and organ 
and cellular localization. Recent advances in proteomics are creating a need for large 
numbers of antibodies for use in high throughput studies and on protein chips. 
Monoclonal antibodies have been used for decades as key reagents in clinical 
diagnostics and they are emerging as an important new class of therapeutics agents. 

Hybridoma technology is the most commonly used method for accessing 
monoclonal antibodies. Monoclonal antibodies are secreted from hybridoma cells, 
created by fusing normal antibody producing splenic B-cells with immortal myeloma 
cells or other immortal cells. Hybridoma production has changed little since its 
inception 26 years ago (Kohler and Milstein, 1975). 

A typical protocol for hybridoma generation involves: (i) immunizing an animal 
(e.g., mouse, rat or rabbit) with a purified protein antigen; (ii) harvesting antibody 
producing B-cells, typically from the spleen; (iii) fusing B-cells with a non-secretory 
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myeloma cell line deficient for the enzyme hypoxanthine guanine phosphoribosyl 
transferase (e.g., x63-Ag 8.653 from a BALB/c mouse strain); (iv) growing hybridoma 
cells in a selection medium containing hypoxanthine, aminopterin and thymidine 
(HAT) and (v) screening for cells that produce the desired antibody and (vi) limit 
dilution cloning to obtain a homogenous cell line that secretes the antibody (Antczak, 
1982). 

Conventional hybridoma technology does not allow researchers to access large 
numbers of antibodies to different antigens or large numbers of antibodies to a single 
target antigen in an efficient manner. Hybridoma cell cloning by limit dilution is 
perhaps the most problematic, time consuming and labor intensive step in generating 
monoclonal antibodies (O'Reilly et.al.,1998). In this step, cells are repeatedly diluted 
out to low cell numbers and their supernatants assayed for secreted monoclonal 
antibody. Screening must be artfully performed to ensure that desired hybridomas are 
not lost. In the case of rapidly growing hybridomas, cells may die in the microtiter 
wells from exhaustion of nutrients if they are not moved to larger vessels or fresh 
medium quickly. Also, in typical wells containing several hybridomas, undesirable 
hybridomas may continuously overgrow desired hybridomas. This can cause the limit 
dilution step to be extended weeks or months and may even result in loss of important 
hybridomas. If the hybridomas have not grown to a reasonable size by the time of 
assay, they may not have produced sufficient antibody for detection. Therefore, a time 
for screening supernatants must be chosen carefully. The available "window" for initial 
screening is not large and usually extends over two to three days (Antczak, 1982). 
Once started, the limit dilution isolation of pure cell lines typically goes on for 3-4 
weeks for any one hybridoma. 

There is a need for more rapid methods of isolating desired hybridoma cells. At 
least two laboratories attempted to sort normal hybridomas based on traces of surface 
presentation of antibody (Parks et al., 1979; Meilhoc et al., 1989). They showed that a 
subset of hybridoma cells in any population presented a small but measurable number 
(~ 20) of surface antibody molecules. This was enough to sort these cells when labeled 
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with antigen, if the antigen was coupled to highly fluorescent microspheres to increase 
the fluorescence signal. Even with these highly fluorescent spheres the signal was only 
a few-fold above the background. 

There is a need for a significant increase in the presentation of surface antibody on 
hybridoma cells as well as a need for a significant increase in the percentage of 
hybridoma cells presenting surface antibody in any population to enable rapid 
screening. The present invention provides both by providing DISH (Direct Screening 
of Hybridoma Cells). The DISH technology of the present invention provides a simple, 
rapid and reliable selection of hybridoma cells that may be accomplished in a matter of 



10 hours instead of weeks. DISH provides several significant improvements over 



conventional hybridoma technology that allow researchers to access much larger 



! * 3 repertoires of antibodies in an efficient manner. Using current hybridoma protocols 

I y approximately 40,000 fusions are typically prepared. A main reason more fusions are 

not made is the difficulty encountered in isolating desired clones using limit dilution. 

is 

! ;3 15 DISH enables very rapid, high throughput cell selection using fluorescence activated 
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f jj cell sorting (FACS) and other modalities. Since FACS technology permits millions of 

i;j 

f J cells to be sorted in a matter of hours, the number of hybridoma fusions one can screen 

1 ~ using DISH technology is orders of magnitude larger than by limit dilution. 

Significantly, FACS sorting allows for single cell deposition of desired hybridomas into 
20 discrete wells. Hence, the problem of desirable, but slow growing cells being lost is 
eliminated using DISH. Thus, DISH replaces current antibody screening and limit 
dilution procedures with a rapid, high throughput, selection process. The present 
invention can also be utilized to provide populations of plasma cells that surface present 
adequate immunoglobulin to enable high throughput fluorescence activated cell sorting 
25 technology to be used to determine whether single plasma cells produce immunoglobin 
that reacts with target antigens. 
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SUMMARY OF THE INVENTION 

The present invention provides a population of hybridoma cells wherein greater 
than 15 % of the cells in the population express monoclonal antibody that is bound to 
the cell surface. 

Also provided by the present invention is a population of hybridoma cells wherein 
greater than 25 % of the cells in the population express monoclonal antibody that is 
bound to the cell surface. 

Further provided is a population of hybridoma cells wherein greater than 50% of 
the cells in the population express monoclonal antibody that is bound to the cell 
surface. 

Also provided by the present invention is a population of hybridoma cells wherein 
greater than 75% of the cells in the population express monoclonal antibody that is 
bound to the cell surface. 

The present invention also provides a hybridoma cell, wherein greater than twenty 
monoclonal antibody molecules are expressed and bound to the cell surface. 

The present invention further provides a hybridoma cell, wherein greater than 
fifty monoclonal antibody molecules are expressed and bound to the cell surface. 

Also provided by the present invention is a hybridoma cell, wherein greater than 
one hundred monoclonal antibody molecules are expressed and bound to the cell 
surface. 

Further provided by the present invention is a hybridoma cell, wherein greater 
than two hundred and fifty monoclonal antibody molecules are expressed and bound to 
the cell surface. 

Also provided by the present invention is a hybridoma cell, wherein greater than 
five hundred monoclonal antibody molecules are expressed and bound to the cell 
surface. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the cells in the population express monoclonal antibody 
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that is bound to the cell surface and wherein greater than twenty monoclonal antibody 
molecules are expressed and bound to the cell surface of the cells in the population that 
express monoclonal antibody. 

Also provided by the present invention is a population of hybridoma cells wherein 
greater than 15% of the cells in the population express monoclonal antibody that is 
bound to the cell surface and wherein greater than fifty monoclonal antibody molecules 
are expressed and bound to the cell surface of the cells in the population that express 
monoclonal antibody. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 25% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than twenty monoclonal antibody 
molecules are expressed and bound to the cell surface of the cells in the population that 
express monoclonal antibody. 

The present invention also provides a population of hybridoma cells wherein 
greater than 25% of the cells in the population express monoclonal antibody that is 
bound to the cell surface and wherein greater than fifty monoclonal antibody molecules 
are expressed and bound to the cell surface of the cells in the population that express 
monoclonal antibody. 

Also provided by the present invention is a hybridoma cell, wherein from about 
0.01% to about 10% of the total amount of monoclonal antibody produced by the 
hybridoma cell is expressed and bound to the cell surface. 

Also provided by the present invention is a population of hybridoma cells wherein 
greater than 15% of the hybridoma cells in the population express from about 0.01% to 
about 1 0% of the total amount of monoclonal antibody produced by the hybridoma 
cells on the cell surface. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
0.01% to about 10% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface, and wherein greater than twenty monoclonal 
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antibodies are expressed and bound to the cell surface. 

Also provided by the present invention is a hybridoma cell comprising a vector, 
wherein the vector comprises a nucleic acid encoding at least one surface-expressed 
antibody receptor selected from the group consisting of Iga and Igp. 

Further provided by the present invention is a hybridoma cell comprising a vector, 
wherein the vector comprises a nucleic acid encoding at least one surface-expressed 
antibody receptor selected from the group consisting of Iga and Igp, wherein the 
nucleic acid is linked to an inducible functional expression sequence. 

The present invention also provides a method for making a hybridoma cell 
comprising at least one surface-expressed antibody receptor selected from the group 
consisting of Iga and IgP comprising fusing a myeloma cell comprising a vector, 
wherein the vector comprises a nucleic acid encoding at least one surface-expressed 
antibody receptor selected from the group consisting of Iga and Igp, with a B cell to 
produce a hybridoma cell comprising at least one surface-expressed antibody receptor 
selected from the group consisting of Iga and Igp. 

The present invention also provides a B cell comprising a vector, wherein the 
vector comprises a nucleic acid encoding at least one surface-expressed antibody 
receptor selected from the group consisting of Iga and Igp. 

Also provided by the present invention is a B cell comprising a vector, wherein 
the vector comprises a nucleic acid encoding at least one surface-expressed antibody 
receptor selected from the group consisting of Iga and IgP, wherein the vector 
comprises a nucleic acid encoding Iga and Igp and wherein the vector is integrated into 
the genome of the B cell. 

The present invention also provides a myeloma cell comprising at least one 
nucleic acid functionally encoding at least one surface-expressed antibody receptor 
selected from the group consisting of Iga and IgP, wherein the nucleic acid encoding 
the surface-expressed antibody receptor is functionally linked to an inducible 
expression sequence. 
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Also provided by the present invention is a myeloma cell comprising at least one 
nucleic acid functionally encoding at least one mutated surface-expressed antibody 
receptor selected from the group consisting of Iga and Igp, wherein the nucleic acid 
encoding the surface-expressed antibody receptor is functionally linked to an inducible 
expression sequence. 

Also provided by the present invention is a method of making a monoclonal 
antibody of interest comprising: a) contacting a population of hybridoma cells wherein 
greater than 15% of the cells in the population express monoclonal antibody that is 
bound to the cell surface with an antigen linked to a detectable label, wherein the 
antigen binds to the monoclonal antibody to yield a detectably labeled hybridoma cell; 
b) isolating the detectably labeled hybridoma cell, thus identifying a hybridoma cell 
that produces the monoclonal antibody of interest; and c) making the monoclonal 
antibody of interest from the hybridoma cell 

Also provided by the present invention is a method of making a monoclonal 
antibody of interest comprising: a) contacting a population of hybridoma cells wherein 
greater than 15% of the cells in the population express monoclonal antibody that is 
bound to the cell surface with an antigen, wherein the antigen binds to the monoclonal 
antibody; b) adding a detectable label to the antigen to yield a detectably labeled 
hybridoma cell; c) isolating the detectably labeled hybridoma cell, thus identifying a 
hybridoma cell that produces the monoclonal antibody of interest; and d) making the 
monoclonal antibody of interest from the hybridoma cell. 

Further provided by the present invention is a method of making a monoclonal 
antibody of interest comprising: a) contacting a hybridoma cell, wherein greater than 
twenty monoclonal antibody molecules are expressed and bound to the cell surface with 
an antigen linked to a detectable label, wherein the antigen binds to the monoclonal 
antibody to yield a detectably labeled hybridoma cell; b) isolating the detectably 
labeled hybridoma cell, thus identifying a hybridoma cell that produces the monoclonal 
antibody of interest; and c) making the monoclonal antibody of interest from the 
hybridoma cell. 
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Also provided by the present invention is a method of making a monoclonal 
antibody of interest comprising: a) contacting a hybridoma cell, wherein greater than 
twenty monoclonal antibody molecules are expressed and bound to the cell surface with 
an antigen, wherein the antigen binds to the monoclonal antibody; b) adding a 
detectable label to the antigen to yield a detectably labeled hybridoma cell; c) isolating 
the detectably labeled hybridoma cell, thus identifying a hybridoma cell that produces 
the monoclonal antibody of interest; and d) making the monoclonal antibody of interest 
from the hybridoma cell. 

Also provided by the present invention is a method of making a monoclonal 
antibody of interest comprising: a) contacting a B cell comprising a vector, wherein the 
vector comprises a nucleic acid encoding at least one surface-expressed antibody 
receptor selected from the group consisting of Iga and Igp with an antigen linked to a 
detectable label, wherein the antigen binds to the monoclonal antibody to yield a 
detectably labeled B cell; b) isolating the detectably labeled B cell, thus identifying a B 
cell that produces the monoclonal antibody of interest; and c) making the monoclonal 
antibody of interest. 

The present invention also provides a method of making a monoclonal antibody 
of interest comprising: a) contacting a B cell comprising a vector, wherein the vector 
comprises a nucleic acid encoding at least one surface-expressed antibody receptor 
selected from the group consisting of Iga and Igp with an antigen; b) adding a 
detectable label that binds to the antigen to yield a detectably labeled B cell; c) isolating 
the detectably labeled B cell, thus identifying a B cell that produces the monoclonal 
antibody of interest; and d) making the monoclonal antibody of interest. 

Also provided is a method of making a hybridoma cell that produces a 
monoclonal antibody that recognizes a selected antigen comprising: a) immunizing a 
mouse with the antigen; b) fusing a B cell from the immunized mouse with a myeloma 
cell that comprises at least one nucleic acid functionally encoding at least one surface- 
expressed antibody receptor selected from the group consisting of Iga and Igp to 
produce a monoclonal antibody producing hybridoma cell, wherein the monoclonal 
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antibody produced by the hybridoma cell is expressed and bound to the cell surface; c) 
contacting the monoclonal antibody producing hybridoma cell with the antigen, 
wherein the antigen binds to the monoclonal antibody on the cell surface to produce a 
detectable hybridoma cell, d) detecting the hybridoma cell and; e) isolating the 
hybridoma cell, thus making a hybridoma cell that produces a monoclonal antibody that 
recognizes a specific antigen. 

The present invention also provides a transgenic animal comprising B cells 
comprising a vector, wherein the vector comprises a nucleic acid encoding at least one 
surface-expressed antibody receptor selected from the group consisting of Iga and Igp. 

The present invention also provides a hematopoietic stem cell comprising a 
vector, wherein the vector comprises a nucleic acid encoding at least one surface- 
expressed antibody receptor selected from the group consisting of Iga and Igp. 

The invention further provides a population of hybridoma cells comprising a 
vector comprising a nucleic acid encoding Iga and/or IgP that expresses monoclonal 
antibody bound to the cell surface, wherein when the monoclonal antibody is detected 
by fluorescence, the fluorescence intensity of at least 10% of the cells is at least two 
fold greater than a the fluorescence intensity of a population of hybridoma cells that do 
not comprise a vector comprising a nucleic acid encoding Iga and/or Igp. 

The present invention also provides a population of plasma cells comprising a 
vector comprising a nucleic acid encoding Iga and/or IgP that expresses monoclonal 
antibody bound to the cell surface, wherein when the monoclonal antibody is detected 
by fluorescence the fluorescence intensity of the population of cells is at least two fold 
greater than the fluorescence intensity of a population of plasma cells that does not 
comprise a vector comprising a nucleic acid encoding Iga and/or Igp. 

The present invention also provides a population of hybridoma cells comprising a 
vector comprising a nucleic acid encoding Iga and/or IgP that expresses monoclonal 
antibody bound to the cell surface, wherein when the monoclonal antibody is detected 
by fluorescence, the fluorescence intensity of at least 10% of the cells is at least two 
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fold greater than a the fluorescence intensity of a population of hybridoma cells that do 
not comprise a vector comprising a nucleic acid encoding Iga and/or IgP. 

Further provided by the present invention a population of plasma cells comprising 
a vector comprising a nucleic acid encoding Iga and/or IgP that expresses monoclonal 
antibody bound to the cell surface, wherein when the monoclonal antibody is detected 
by fluorescence the fluorescence intensity of at least 10% of the cells is at least two fold 
greater than the fluorescence intensity of a population of plasma cells that do not 
comprise a vector comprising a nucleic acid encoding Iga and/or IgP. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows that the surface presentation of antibody such as mlgM inB- 
cells requires the presence of one or two membrane receptors, Iga and/or Ig(3. In B- 
cells these receptors bind the membrane domain of the membrane form of the heavy 
chain (mHC, dark gray) portion of an antibody such as mlgM. The small 
immunoglobulin light chain is drawn in black. In most myelomas the Iga (white) 
receptor shown here is missing or expressed at very low levels. In some myelomas Iga 
and/or Igp may be absent or expressed at low levels. As a result, most hybridomas 
cannot present significant amounts of mlgM on their surface. 

Figure 2 shows the Primer oligonucleotides and PCR amplification of Iga and 
IgP cDNAs. (A) The sequences of the sense (S) and antisense (A) primers used to 
amplify cDNAs encoding Iga and Igp. These oligos add important restriction 
endonuclease cloning sites and 5 'translation signals (GCCACC) to the receptor 
sequences. (B) PCR amplification products of the expected sizes in base pairs (bp). 
Molecular weight standards flank the PCR products. 

Figure 3 shows the sequence of PCR modified mouse Iga cDNA extending 
from the Hindlll to EcoRI cloning sites used to construct Iga expression plasmid 
p3.1NeoIga . The Protein sequence is shown above the DNA sequence. The main 
DNA and protein sequence listings in GenBank for Iga have the accession numbers 
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NM_007655 and NP_031681, respectively. The cDNA sequence obtained was 
inconsistent with this original Igoc sequence in a small region, but agrees with the data 
given by Sakaguchi et al. ("B lymphocyte lineage-restricted expression of mb-1, a gene 
with CD3-like structural properties" EMBOJ. 7:3457-64 (1988)) encoding a protein 
with the sequence encoding six amino acids listed in bold. 

Figure 4 shows the sequence of PCR modified mouse IgP cDNA extending 
from the Hindlll to EcoRI cloning sites used to construct IgP expression plasmid 
p3.1NeoIga . Protein sequence is shown above the DNA sequence. The main sequence 
listing in GenBank for Igp has the accession number NM_008339. 

Figure 5 shows the structure of pcDNA3.1 NeoR vector (Invitrogen, Inc. Life 
Sciences Division) used to express Iga receptor protein in transgenic cells. 

Figure 6 shows the structure of pcDNA3.1 Zeo vector (Invitrogen, Inc. Life 
Sciences Division) used to express IgP receptor protein in transgenic cells. 

Figure 7 shows the screening of transfected HGS cell lines for Iga and Igp 
protein levels on western blots. Protein samples (25 jutg of total cell protein in SDS 
sample buffer) were resolved on a 12% acrylamide gel, transferred to an Immobilon 
membrane (Millipore), reacted with rabbit polyclonal anti mouse Iga antibody (A) or 
IgP antibody (B), then with donkey anti-rabbit horse antibody radish peroxdase 
conjugate, and developed following published protocols (Kandasamy et al., 1999). 
Positions of molecular weight standards (MW Stds) are shown on the left. The range of 
MWs of the various modified forms of Iga are shown with a bracket. Other higher 
bands and bands in control WT lanes appear to be background. Extracts from cell lines 
are named as follows: SC, spleen cell extract; HGS1, parental hybridoma cell line 
producing antibodies to GS; and HGS lap 1-5 and ECS lap 1-3 are the receptor gene 
transfected cell lines. References of these simplified designations to strain names in 
laboratory notebooks in the Meagher laboratory at UGA are as follows: HGS lap 1, GS- 
TSC; HGSlap2, GS-TSC-1C; HGSlap3, GS-TE4; HGSlaP4, GS-T5D-L; and 
HGSlaP5, GS-TSC-3D. The Iga and IgP specific rabbit polyclonal antibodies, anti- 
MB-1 and SF2B, respectively, were obtained from Dr. Linda Matsuuchi (University of 
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British Columbia, Vancouver, Canada)(Condon et al., 2000). Antibodies were prepared 
against synthetic peptides to the cytoplasmic tail of Iga and the ecto-domain of Igp. 

Figure 8 shows microscopic examination of increased surface presentation of 
antibody on hybridoma cells expressing transgenic Ig receptors. All cells shown were 
treated with FITC labeled goat anti mouse antiserum. All plates were photographed 
using a 40X Zeiss lens and Hamamatsu digital camera (model C-4742-95) under the 
same illumination and exposure conditions. Cells treated with an unlabeled antibody 
have insignificant levels of auto-fluorescence. Cell lines shown are indicated with 
reference to names in lab notebooks. A & B. Non-transfected HGS1 control cells; D-H. 
pcDNA3.1-Iga and -Igp transfected cells. C HGSlap6, SC-1C#2; D HGSlocP7, SC- 
1CF2;E. HGSlap8, SC-1C#3;F. HGSlap9, SC-3DF3; G. HGSlaplO, SC-3DF4: 
H. HGSlapi 1, SC-F1. (I) brightest cell enlarged from field of cells in Figure 8A 
(HGSla control hybridoma cells) and indicated by an arrow. (J) Brightest cell enlarged 
from field of cells in Figure 8C (HGSlap6 receptor transfected hybridoma cells) and 
indicated by an arrow. 

Figure 9 shows Iga protein levels in aliquots of HGS1 WT and HGSlctP cells 
shown surface presenting antibody in Figure 8. Protein samples were resolved by 
PAGE and Iga protein levels measured on Westerns using rabbit antibody to mouse 
Iga as in Figure 7A. (A) Iga western (B) Coomassie stained gel of duplicate samples 
showing relative level of protein loading. Stained molecular weight standards (MW 
Stds) are shown on the left in kilo-Daltons (kDa). The range of MWs of the various 
modified forms of Iga are shown with a bracket. Extracts from cell lines discussed in 
Meagher laboratory notebooks are named as follows: WT, HGS1 non transfected 
control; HGSlap6, SC-1C#2; HGSlap7, SC-1CF2; HGSlap8, SC-1C#3; HGSlap9, 
SC-3DF3; HGSlapiO,SC-3DF4; and HGSlapi 1, SC-F1. Cell lines showing 100% 
surface presentation of antibody in Figure 8 are designated plus +, those not presenting 
as minus, and HGS1 hybridoma WT controls with 1-5% presentation as +/-. Mobility 
range of Iga isoforms are shown with a bracket. 
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Figure 10 shows a western blot examining IgP expression in aliquots of HGS1 
and HGSlaP cells shown in Figure 8. Protein samples were resolved by PAGE and 
Igp protein levels measured on Westerns using antibody to IgP as in Figure 7B. Protein 
samples are identical aliquots to those shown in Figure 10A and 10B. Mobility range of 
IgP iso forms are shown with a bracket. 

Figure 1 1 shows quantification of surface presentation of antibody in Igot 
expressing hybridomas. (A) The fluorescence intensity was compared among HGS1 
cells and transgenic cells expressing or not expressing detectable levels of Igoc receptor. 
Mean fluorescence intensity (MFI) was measured for individual cells in a microscopic 
field from images like those taken in Figure 8, using OpenLab software (Improvision, 
Inc., Boston, MA). Standard errors in -MFI among individual cells in each population 
are indicated. MFI underestimates the actual intensity differences between control and 
transgenic cells, because 10% of the brightest cells exceed the dynamic range of the 
electronic camera and some cells are out of the focal plane, where MFI cannot be 
accurately measured, n = 50 cells for each of the eight cell populations examined. 
(B)The frequency of individual cells in each population with 3 times greater intensity 
than the mean for control HGS1 cells (89 MFI). 

Figure 12 shows western blot examining Igoc and IgP protein levels in 
transfected myeloma cell lines. Immunodetection of (A) Igcc and (B) Igp performed as 
described in Figure 7. Cell lines examined are as follows: SC, spleen cells; Sp2/0 
myeloma wild-type (WT) or Sp2/0 derived lines transfected with genes encoding Iga 
and Igp (ocpi, M-T4; ap2, M-T4D; ccp3, M-T6; ap4, M-T4-3A; ap5, M-T3SC; ap6, 
M-T1SC; and <xp7, M-T4D-6). Moblility ranges of Iga and Igp are shown with 
brackets. Higher molecular weight bands are due to background activity in antibody. 

Figure 13 shows fluorescent activated cell sorting (FACS) demonstrating that 
Iga expression increases antibody surface presentation eight fold. HGS1 and 
HGSlaP 10 cells were prepared as shown in Figure 8 and labeled with FITC labeled 
goat anti-mouse antibody. 200 jxl samples of the following cells were counted (Counts) 
by FACS using A 520 emission (FL1). The full scale on the bottom axis represents 4- 
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logs of fluorescence intensity. A, HGS1 WT control cells. B. HGSlapiO cells. C. 
Mixture of HGS1 and HGS lap 10 cells. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention may be understood more readily by reference to the 
following detailed description of the preferred embodiments of the invention. 

Before the present methods are disclosed and described, it is to be understood 
that this invention is not limited to specific constructs, molecules and methods, as such 
may of course, vary. It is also to be understood that the terminology used herein is for 
the purpose of describing particular embodiments only and is not intended to be 
limiting. 

It must be noted that, as used in the specification and the appended claims, the 
singular forms "a," "an," and "the" include plural referents unless the context clearly 
dictates otherwise. For example, a cell can mean a single cell or more than one cell. 

Hybridomas 

The present invention provides a population of hybridoma cells wherein greater 
than 1 5 % of the cells in the population express monoclonal antibody that is bound to 
the cell surface. Also provided by this invention is a population of hybridoma cells 
wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 
75%, 80%, 85%o, 90%, 95% or numbers in between, of the cells in the population 
express monoclonal antibody that is bound to the cell surface. 

As used herein, "hybridoma" is a cell or a cell line that is produced by fusing an 
antibody producing cell, e.g. a B cell, and an immortalized cell, e.g. a myeloma cell. 
As used herein "B cell" means an immature B cell, a mature naive B cell, a mature 
activated B cell, a memory B cell, a B lineage lymphocyte, a plasma cell or any other B 
lineage cell of human origin or from non-human animal sources. The hybridomas of 
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this invention can be made by fusing a B cell of human origin or from non-human 
animal sources, with an immortalized cell line using a suitable fusing agent, such as 
polyethylene glycol, to form a hybridoma cell {Goding, "Monoclonal Antibodies: 
Principles and Practice" Academic Press, (1986) pp. 59-103). 

In order to obtain the B cells for the production of a hybridoma, a mouse or 
other appropriate host animal, is typically immunized with an immunizing agent or 
antigen to elicit B cells that produce or are capable of producing antibodies that will 
specifically bind to the immunizing agent or antigen. Alternatively, the B cells may be 
immunized in vitro. Immortalized cell lines are usually transformed mammalian cells, 
particularly myeloma cells of rodent, bovine and human origin. Usually, rat or mouse 
myeloma cell lines are employed. The hybridoma cells may be cultured in a suitable 
culture medium that preferably contains one or more substances that inhibit the growth 
or survival of the unfused, immortalized cells. For example, although HAT is not 
necessary for DISH, typically, if the parental cells lack the enzyme hypoxanthine 
guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the 
hybridomas typically will include hypoxanthine, aminopterin, and thymidine ("HAT 
medium"), which substances prevent the growth of HGPRT-deficient cells. 

Preferred immortalized cell lines are those that fuse efficiently, support high 
level expression of antibody by the selected antibody-producing cells, and are sensitive 
to a medium. The immortalized cell line can be sensitive to HAT medium. More 
preferred immortalized cell lines are murine myeloma lines, which can be obtained, for 
instance, from the Salk Institute Cell Distribution Center, San Diego, Calif, and the 
American Type Culture Collection (ATCC), Rockville, Md. Human myeloma and 
mouse-human heteromyeloma cell lines also have been described for the production of 
human monoclonal antibodies {Kozbor, J. Immunol., 133:3001 (1984) and Brodeur et 
al. y "Monoclonal Antibody Production Techniques and Applications" Marcel Dekker, 
Inc., New York, (1987) pp. 51-63). For example, the following myeloma cell lines can 
be obtained from the ATCC: MOPC-31C, RPMI 8226, IM-9, MPC-11, CCL-189, HK- 
PEG-1, HS-Sultan, A2B5 clone 105, P3X63Ag8.653, Sp2/0-Agl4, Sp2/0-Agl4/SF, 
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P3X63Ag8U.l, HFN 36.3 HFN 7.1, 45.6.TG1.7, ARH-77, Y3-Ag 1.2.3, SJK-132-20, 
SJK-287-38 and SJK-237-71. 

The hybridoma cells of the present invention can be assayed for surface 
expression and the culture medium in which the hybridoma cells are cultured can be 
assayed for the presence of monoclonal antibodies directed against a desired 
immunogen by methods known in the art such as ELISA, western blot, FACS, 
magnetic separation etc. The binding specificity of monoclonal antibodies secreted by 
the hybridoma cells can be, for example,determined by immunoprecipitation or by an in 
vitro binding assay, such as radioimmunoassay (RIA) or enzyme-linked 
immunoabsorbent assay (ELISA). Such techniques and assays are known in the art. 
The binding affinity of the monoclonal antibody can, for example, be determined by the 
Scatchard analysis of Munson et aL, Anal. Biochem., 107:220 (1980). 

After a desired hybridoma cell is identified, either by assaying surface 
expression or by assaying the culture medium, the selected hybridoma cell can be 
grown by standard methods. Suitable culture media for this purpose include, for 
example, Dulbecco's Modified Eagle's Medium and RPMI-1640 medium. 
Alternatively, the hybridoma cells may be grown in vivo as ascites in a mammal. 

As used herein, " a population of hybridoma cells" means a sufficient number of 
cells such that a percentage of the cells expressing antibody can be determined. The 
hybridoma cells of the population can be cells from a pure hybridoma cell line where 
all of the cells of the line produce only one monoclonal antibody specific for a 
particular antigen or a mixture of cells wherein multiple monoclonal antibodies are 
produced. Thus, a population of hybridoma cells can produce more than one 
monoclonal antibody such that some cells produce a monoclonal antibody that 
recognize one antigen and other cells in the population produce monoclonal antibody 
that recognizes a second antigen and other cells in the population produce a monoclonal 
antibody that recognizes a third antigen etc. 

As used herein, "express" means that the monoclonal antibody can be detected 
by means standard in the art such as Western blot, ELISA, immunofluorescence, 
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hemolytic assay, fluorescence activated cell sorting (FACS) as they are currently 
practiced in the art. 

Antibodies are typically proteins which exhibit binding specificity to a specific 
antigen. Native antibodies are usually heterotetrameric glycoproteins, composed of two 
5 identical light (L) chains and two identical heavy (H) chains. Typically, each light 
chain is linked to a heavy chain by one covalent disulfide bond, while the number of 
disulfide linkages varies between the heavy chains of different immunoglobulin 
isotypes. Each heavy and light chain can have regularly spaced intrachain disulfide 
bridges. Each heavy chain can have at one end a variable domain (V(H)) followed by a 
10 number of constant domains. Each light chain can have a variable domain at one end 
(V(Z)) and a constant domain at its other end; the constant domain of the light chain is 
aligned with the first constant domain of the heavy chain, and the light chain variable 
domain is aligned with the variable domain of the heavy chain. Particular amino acid 
residues are believed to form an interface between the light and heavy chain variable 
L y 15 domains. The light chains of antibodies from any vertebrate species can be assigned to 
i: J one of two clearly distinct types, called kappa (k) and lambda (A), based on the amino 

□ acid sequences of their constant domains. Depending on the amino acid sequence of 

I *y the constant domain of their heavy chains, immunoglobulins can be assigned to 

q different classes. There currently are five major classes of immunoglobulins: IgA, IgD, 

1 3 20 IgE, IgG and IgM, and several of these may be further divided into subclasses 
1 IJ (isotypes), e.g., IgG-1, IgG-2, IgG-3, and IgG-4; IgA-1 and IgA-2. The present 

invention provides the presentation of all of the immunoglobulin classes via binding to 
Ig a and/or Ig p. The heavy chain constant domains that correspond to the different 
classes of immunoglobulins are called alpha, delta, epsilon, gamma, and mu, 
25 respectively. 

The Immunoglobulin (Ig) heavy chain genes are typically complex transcription 
units with multiple poly(A) sites in which changes in the cleavage and polyadenylation 
machinery can play an important role in B-cell, stage-specific expression. Ig \x heavy 
chains can be expressed in pre, immature, and mature-B-cells and IgM+ plasma cells. The 
30 a, e, and y heavy chains can be expressed in memory and IgA+, IgE+, and IgG+ plasma 
cells, respectively (Janeway and Travers, 1994). RNA from each of the five classes of Ig 
heavy chain genes (a, 5, e, y, ja) can be alternatively processed to produce two types of 
mRNAs: one encodes the secreted form of the Ig protein and is produced by use of the 
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promoter-proximal, weak Ig sec (secretory-specific) poly(A) site in plasma cells; the other 
mRNA encodes the membrane-bound (mb) receptor for antigen on the surface of mature or 
memory B-cells and can be produced by use of the downstream, strong Ig membrane 
poly(A) site [Alt, 1980; Rogers, 1980; Rogers, 1981]. 

There can be a 2-5-fold change in the transcription rate of the Ig genes in . 
different B-cell stages (Kelly and Perry, 1986). The site of termination can vary in the ^ 
(Galli et al., 1987; Guise et aL, 1988; Yuan and Tucker, 1984) but not the y and a genes 
(Flaspohler et al., 1995; Flaspohler and Milcarek., 1990; Lebman et al., 1992). RNA 
processing events can play the major role in determining the ratios of the two forms of 
IgG heavy chain mRNA as first shown in 1985 (Milcarek and Hall, 1985). The crucial 
role for RNA processing has been further substantiated (See Edwalds-Gilbert and 
Milcarek, 1995; Edwalds-Gilbert and Milcarek, 1995; Flaspohler et al., 1995; 
Flaspohler and Milcarek., 1990; Genovese et al., 1991; Genovese and Milcarek, 1990; 
Hall and Milcarek, 1989; Kobrin et al., 1986; Lassman et al., 1992; Lassman and 
Milcarek, 1992; Matis et al., 1996; Milcarek et al., 1996). See also (Edwalds-Gilbert et 
al., 1997). Polyadenylation at the weak secretory-specific poly(A) site, which is 
promoter proximal to the membrane specific poly(A) site, and splicing to the 
membrane-specific exons at the sub-optimal splice site, in the last secretory-specific 
exon, can bemutually exclusive events. It has been shown that changes in the cleavage 
and polyadenylation of the precursor RNA tip the balance in plasma cells to the use of 
the first, weak poly(A) site. 

The term "variable" is used herein to describe certain portions of the variable 
domains which differ in sequence among antibodies and are used in the binding and 
specificity of each particular antibody for its particular antigen. However, the 
variability is not usually evenly distributed through the variable domains of antibodies. 
It is typically concentrated in three segments called complementarity determining 
regions (CDRs) or hypervariable regions both in the light chain and the heavy chain 
variable domains. The more highly conserved portions of the variable domains are 
called the framework (FR). The variable domains of native heavy and light chains can 
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each comprise four FR regions, largely adopting a p-sheet configuration, connected by 
three CDRs, which form loops connecting, and in some cases forming part of, the 
p-sheet structure. The CDRs in each chain can be held together in close proximity by 
the FR regions and, with the CDRs from the other chain, contribute to the formation of 
the antigen binding site of antibodies (see Kabat E. A. et al. 9 "Sequences of Proteins of 
Immunological Interest" National Institutes of Health, Bethesda, Md. (1987)). The 
constant domains are not typically involved directly in binding an antibody to an 
antigen, but exhibit various effector functions, such as participation of the antibody in 
antibody-dependent cellular toxicity. 

As used herein, "monoclonal antibody" refers to an antibody that is produced by 
cells that are all derived from a single antibody-producing cell type and has a specific 
affinity for an antigen. Monoclonal antibodies are obtained from a substantially 
homogeneous population of antibodies, i.e., the individual antibodies comprising the 
population are identical except for possible naturally occurring mutations that may be 
present in minor amounts. The monoclonal antibodies secreted by the hybridoma cells 
of the present invention can be isolated or purified from the culture medium or ascites 
fluid by conventional immunoglobulin purification procedures such as, for example, 
protein A-Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, or 
affinity chromatography. 

Once hybridomas are isolated by the present invention, the antibody coding 
regions of the hybridomas can be used to makemonoclonal antibodies by recombinant 
DNA methods, such as those described in U.S. Pat. No. 4,816,567 or U.S. Pat. No. 
6,331,415. DNA encoding the monoclonal antibodies of the invention can be readily 
isolated and sequenced using conventional procedures (e.g., by using oligonucleotide 
probes that are capable of binding specifically to genes encoding the heavy and light 
chains of murine antibodies). The hybridoma cells of the invention serve as a preferred 
source of such DNA. Once isolated, the DNA may be placed into expression vectors, 
which are then transfected into host cells such as simian COS cells, Chinese hamster 
ovary (CHO) cells, or myeloma cells that do not otherwise produce immunoglobulin 
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protein, to obtain the synthesis of monoclonal antibodies in the recombinant host cells. 
The DNA also may be modified, for example, by substituting the coding sequence for 
human heavy and light chain constant domains in place of the homologous murine 
sequences (U.S. Pat. No. 4,816,567) or by covalently joining to the immunoglobulin 
coding sequence all or part of the coding sequence for a non-immunoglobulin 
polypeptide. Such a non-immunoglobulin polypeptide can be substituted for the 
constant domains of an antibody of the invention, or can be substituted for the variable 
domains of one antigen-combining site of an antibody of the invention to create a 
chimeric bivalent antibody comprising one antigen-combining site having specificity 
for one antigen and second antigen-combining site having specificity for a different 
antigen. 

The present invention also provides a hybridoma cell, wherein greater than 
twenty monoclonal antibody molecules are expressed and bound to the cell surface. 
Also provided by the present invention is a hybridoma cell, wherein greater than fifty 
monoclonal antibody molecules are expressed and bound to the cell surface. Further 
provided by the present invention is a hybridoma cell, wherein greater than one hundred 
monoclonal antibody molecules are expressed and bound to the cell surface. The 
present invention also provides a hybridoma cell, wherein greater than two hundred and 
fifty monoclonal antibody molecules are expressed and bound to the cell surface. Also 
provided by the present invention is a hybridoma cell, wherein greater than five 
hundred monoclonal antibody molecules are expressed and bound to the cell surface. 
Numbers of antibodies in between these numbers are also provided. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than twenty monoclonal antibody 
molecules are expressed and bound to the cell surface of the cells in the population that 
express monoclonal antibody. 

Also provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the cells in the population express monoclonal antibody 
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that is bound to the cell surface and wherein greater than fifty monoclonal antibody 
molecules are expressed and bound to the cell surface of the cells in the population that 
express monoclonal antibody. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than one hundred monoclonal 
antibody molecules are expressed and bound to the cell surface of the cells in the 
population that express monoclonal antibody. 

The present invention also provides a population of hybridoma cells wherein 
greater than 15% of the cells in the population express monoclonal antibody that is 
bound to the cell surface and wherein greater than two hundred and fifty monoclonal 
antibody molecules are expressed and bound to the cell surface of the cells in the 
population that express monoclonal antibody. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than five hundred monoclonal 
antibody molecules are expressed and bound to the cell surface of the cells in the 
population that express monoclonal antibody. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 25% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than twenty monoclonal antibody 
molecules are expressed and bound to the cell surface of the cells in the population that 
express monoclonal antibody. 

Also provided by the present invention is a population of hybridoma cells 
wherein greater than 25% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than fifty monoclonal antibody 
molecules are expressed and bound to the cell surface of the cells in the population that 
express monoclonal antibody. 
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Further provided by the present invention is a population of hybridoma cells 
wherein greater than 25% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than one hundred monoclonal 
antibody molecules are expressed and bound to the cell surface of the cells in the 
population that express monoclonal antibody. 

The present invention also provides a population of hybridoma cells wherein 
greater than 25% of the cells in the population express monoclonal antibody that is 
bound to the cell surface and wherein greater than two hundred and fifty monoclonal 
antibody molecules are expressed and bound to the cell surface of the cells in the 
population that express monoclonal antibody. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 25% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than five hundred monoclonal 
antibody molecules are expressed and bound to the cell surface of the cells in the 
population that express monoclonal antibody. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 50% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than twenty monoclonal antibody 
molecules are expressed and bound to the cell surface of the cells in the population that 
express monoclonal antibody. 

Also provided by the present invention is a population of hybridoma cells 
wherein greater than 50% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than fifty monoclonal antibody 
molecules are expressed and bound to the cell surface of the cells in the population that 
express monoclonal antibody. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 50% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than one hundred monoclonal 
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antibody molecules are expressed and bound to the cell surface of the cells in the 
population that express monoclonal antibody. 

The present invention also provides a population of hybridoma cells wherein 
greater than 50% of the cells in the population express monoclonal antibody that is 
bound to the cell surface and wherein greater than two hundred and fifty monoclonal 
antibody molecules are expressed and bound to the cell surface of the cells in the 
population that express monoclonal antibody. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 50% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than five hundred monoclonal 
antibody molecules are expressed and bound to the cell surface of the cells in the 
population that express monoclonal antibody. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 75% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than twenty monoclonal antibody 
molecules are expressed and bound to the cell surface of the cells in the population that 
express monoclonal antibody. 

Also provided by the present invention is a population of hybridoma cells 
wherein greater than 75% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than fifty monoclonal antibody 
molecules are expressed and bound to the cell surface of the cells in the population that 
express monoclonal antibody. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 75% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than one hundred monoclonal 
antibody molecules are expressed and bound to the cell surface of the cells in the 
population that express monoclonal antibody. 

The present invention also provides a population of hybridoma cells wherein 
greater than 75% of the cells in the population express monoclonal antibody that is 
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bound to the cell surface and wherein greater than two hundred and fifty monoclonal 
antibody molecules are expressed and bound to the cell surface of the cells in the 
population that express monoclonal antibody. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 75% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than five hundred monoclonal 
antibody molecules are expressed and bound to the cell surface of the cells in the 
population that express monoclonal antibody. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 90% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than twenty monoclonal antibody 
molecules are expressed and bound to the cell surface of the cells in the population that 
express monoclonal antibody. 

Also provided by the present invention is a population of hybridoma cells 
wherein greater than 90% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than fifty monoclonal antibody 
molecules are expressed and bound to the cell surface of the cells in the population that 
express monoclonal antibody. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 90% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than one hundred monoclonal 
antibody molecules are expressed and bound to the cell surface of the cells in the 
population that express monoclonal antibody. 

The present invention also provides a population of hybridoma cells wherein 
greater than 90% of the cells in the population express monoclonal antibody that is 
bound to the cell surface and wherein greater than two hundred and fifty monoclonal 
antibody molecules are expressed and bound to the cell surface of the cells in the 
population that express monoclonal antibody. 
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Further provided by the present invention is a population of hybridoma cells 
wherein greater than 90% of the cells in the population express monoclonal antibody 
that is bound to the cell surface and wherein greater than five hundred monoclonal 
antibody molecules are expressed and bound to the cell surface of the cells in the 
population that express monoclonal antibody. 

Also provided by the present invention is a hybridoma cell, wherein from about 
0.001% to about 10% of the total amount of monoclonal antibody produced by the 
hybridoma cell is expressed and bound to the cell surface. 

Any combinations of the above percentages of cells and number of antibodies 
per cell is also provided as well as numbers in between the specifically listed 
percentages of cell and number of antibodies per cell. 

The total amount of monoclonal antibody produced by a cell can be determined 
by any of the standard methods in the art, including, but not limited to, Western blot, 
ELISA, immunofluorescence and FACS. These methods are utilized to measure the 
amount of antibody secreted into the medium by the cell, the amount of antibody bound 
to the cell surface and the amount of intracellular antibody present in the cells. One of 
skill in the art would know how to measure these amounts utilizing the above 
techniques or others known to the skilled artisan to obtain a total amount of antibody 
produced by a cell, such that a percentage of the total amount of antibody that is 
expressed and bound to the cell surface is obtained. 

Also provided by the present invention is a hybridoma cell, wherein from about 
0.01% to about 10% of the total amount of monoclonal antibody produced by the 
hybridoma cell is expressed and bound to the cell surface. 

Also provided by the present invention is a hybridoma cell, wherein from about 
10% to about 20% of the total amount of monoclonal antibody produced by the 
hybridoma cell is expressed and bound to the cell surface. 

Also provided by the present invention is a hybridoma cell, wherein from about 
20% to about 30% of the total amount of monoclonal antibody produced by the 
hybridoma cell is expressed and bound to the cell surface. 
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Also provided by the present invention is a hybridoma cell, wherein from about 
30% to about 40% of the total amount of monoclonal antibody produced by the 
hybridoma cell is expressed and bound to the cell surface. 

Also provided by the present invention is a hybridoma cell, wherein from about 
40% to about 50% of the total amount of monoclonal antibody produced by the 
hybridoma cell is expressed and bound to the cell surface. 

Also provided by the present invention is a hybridoma cell, wherein from about 
50% to about 60% of the total amount of monoclonal antibody produced by the 
hybridoma cell is expressed and bound to the cell surface. 

Also provided by the present invention is a hybridoma cell, wherein from about 
60% to about 70% of the total amount of monoclonal antibody produced by the 
hybridoma cell is expressed and bound to the cell surface. 

Also provided by the present invention is a hybridoma cell, wherein from about 
70% to about 80% of the total amount of monoclonal antibody produced by the 
hybridoma cell is expressed and bound to the cell surface. 

Also provided by the present invention is a hybridoma cell, wherein from about 
80% to about 90% of the total amount of monoclonal antibody produced by the 
hybridoma cell is expressed and bound to the cell surface. 

Also provided by the present invention is a hybridoma cell, wherein from about 
90% to about 100%) of the total amount of monoclonal antibody produced by the 
hybridoma cell is expressed and bound to the cell surface. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
0.01% to about 10%> of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface. Also provided by this invention is a population of 
hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 
60%, 65%o, 70%), 75%, 80%, 85%, 90%, or 95% of the hybridoma cells in the 
population express from about 0.01% to about 10% of the total amount of monoclonal 
antibody produced by the hybridoma cells on the cell surface. 
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Further provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
10% to about 20% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface. Also provided by this invention is a population of 
hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 
60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma cells in the 
population express from about 10 % to about 20 % of the total amount of monoclonal 
antibody produced by the hybridoma cells on the cell surface. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
20% to about 30% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface. Also provided by this invention is a population of 
hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 
60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma cells in the 
population express from about 20% to about 30% of the total amount of monoclonal 
antibody produced by the hybridoma cells on the cell surface. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
30% to about 40% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface. Also provided by this invention is a population of 
hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 
60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma cells in the 
population express from about 30% to about 40% of the total amount of monoclonal 
antibody produced by the hybridoma cells on the cell surface. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
40% to about 50% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface. Also provided by this invention is a population of 
hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 
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60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma cells in the 
population express from about 40% to about 50% of the total amount of monoclonal 
antibody produced by the hybridoma cells on the cell surface. 

Further provided by the present invention is a population of hybridoma cells 
5 wherein greater than 15% of the hybridoma cells in the population express from about 
50% to about 60% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface. Also provided by this invention is a population of 
hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 
60%, 65%, 70%>, 75%, 80%, 85%, 90%, or 95% of the hybridoma cells in the 

10 population express from about 50% to about 60% of the total amount of monoclonal 
antibody produced by the hybridoma cells on the cell surface. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
60% to about 70% of the total amount of monoclonal antibody produced by the 

15 hybridoma cells on the cell surface. Also provided by this invention is a population of 
hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 
60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma cells in the 
population express from about 60% to about 70% of the total amount of monoclonal 
antibody produced by the hybridoma cells on the cell surface. 

20 Further provided by the present invention is a population of hybridoma cells 

wherein greater than 15% of the hybridoma cells in the population express from about 
70% to about 80% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface. Also provided by this invention is a population of 
hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 

25 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma cells in the 

population express from about 70% to about 80% of the total amount of monoclonal 
antibody produced by the hybridoma cells on the cell surface. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
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80% to about 90% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface. Also provided by this invention is a population of 
hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 
60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma cells in the 
population express from about 80% to about 90% of the total amount of monoclonal 
antibody produced by the hybridoma cells on the cell surface. 

Further provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
90% to about 100% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface. Also provided by this invention is a population of 
hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 
60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma cells in the 
population express from about 90% to about 100% of the total amount of monoclonal 
antibody produced by the hybridoma cells on the cell surface. 

Also provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
0.01% to about 10% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface, and wherein greater than twenty monoclonal 
antibodies are expressed and bound to the cell surface. Also provided by this invention 
is a population of hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 
45%, 50%o, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma 
cells in the population express from about 0.01% to about 10% of the total amount of 
monoclonal antibody produced by the hybridoma cells on the cell surface and wherein 
greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
85%, 90%o, or 95% of the population are hybridoma cells wherein greater than twenty 
monoclonal antibodies are expressed and bound to the cell surface. 

Also provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
10% to about 20% of the total amount of monoclonal antibody produced by the 
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hybridoma cells on the cell surface, and wherein greater than twenty monoclonal 
antibodies are expressed and bound to the cell surface. Also provided by this invention 
is a population of hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma 
cells in the population express from about 10% to about 20% of the total amount of 
monoclonal antibody produced by the hybridoma cells on the cell surface and wherein 
greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 00%, 65%, 70%, 75%, 80%, 
85%, 90%), or 95% of the population are hybridoma cells wherein greater than twenty 
monoclonal antibodies are expressed and bound to the cell surface. 

Also provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
20% to about 30% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface, and wherein greater than twenty monoclonal 
antibodies are expressed and bound to the cell surface. Also provided by this invention 
is a population of hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma 
cells in the population express from about 20% to about 30% of the total amount of 
monoclonal antibody produced by the hybridoma cells on the cell surface and wherein 
greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
85%, 90%, or 95% of the population are hybridoma cells wherein greater than twenty 
monoclonal antibodies are expressed and bound to the cell surface. 

Also provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
30% to about 40% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface, and wherein greater than twenty monoclonal 
antibodies are expressed and bound to the cell surface. Also provided by this invention 
is a population of hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma 
cells in the population express from about 30% to about 40% of the total amount of 
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monoclonal antibody produced by the hybridoma cells on the cell surface and wherein 
greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
85%, 90%, or 95% of the population are hybridoma cells wherein greater than twenty 
monoclonal antibodies are expressed and bound to the cell surface. 
5 Also provided by the present invention is a population of hybridoma cells 

wherein greater than 15% of the hybridoma cells in the population express from about 
40% to about 50% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface, and wherein greater than twenty monoclonal 
antibodies are expressed and bound to the cell surface. Also provided by this invention 

10 is a population of hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma 
cells in the population express from about 40% to about 50% of the total amount of 
monoclonal antibody produced by the hybridoma cells on the cell surface and wherein 
greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 

15 85%, 90%, or 95% of the population are hybridoma cells wherein greater than twenty 
monoclonal antibodies are expressed and bound to the cell surface. 

Also provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
50% to about 60% of the total amount of monoclonal antibody produced by the 

20 hybridoma cells on the cell surface, and wherein greater than twenty monoclonal 

antibodies are expressed and bound to the cell surface. Also provided by this invention 
is a population of hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma 
cells in the population express from about 50% to about 60% of the total amount of 

25 monoclonal antibody produced by the hybridoma cells on the cell surface and wherein 
greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
85%, 90%, or 95% of the population are hybridoma cells wherein greater than twenty 
monoclonal antibodies are expressed and bound to the cell surface. 
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Also provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
60% to about 70% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface, and wherein greater than twenty monoclonal 
5 antibodies are expressed and bound to the cell surface. Also provided by this invention 
is a population of hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma 
cells in the population express from about 60% to about 70% of the total amount of 
monoclonal antibody produced by the hybridoma cells on the cell surface and wherein 
10 greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 

85%, 90%, or 95% of the population are hybridoma cells wherein greater than twenty 

"■•4 

; , 3 monoclonal antibodies are expressed and bound to the cell surface. 

j j Also provided by the present invention is a population of hybridoma cells 

1,3 wherein greater than 15% of the hybridoma cells in the population express from about 

53 

□ 15 70% to about 80% of the total amount of monoclonal antibody produced by the 

= u 

i y hybridoma cells on the cell surface, and wherein greater than twenty monoclonal 

antibodies are expressed and bound to the cell surface. Also provided by this invention 



3, _i 



is a population of hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma 

20 cells in the population express from about 70% to about 80% of the total amount of 
monoclonal antibody produced by the hybridoma cells on the cell surface and wherein 
greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
85%, 90%, or 95% of the population are hybridoma cells wherein greater than twenty 
monoclonal antibodies are expressed and bound to the cell surface. 

25 Also provided by the present invention is a population of hybridoma cells 

wherein greater than 15% of the hybridoma cells in the population express from about 
80% to about 90% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface, and wherein greater than twenty monoclonal 
antibodies are expressed and bound to the cell surface. Also provided by this invention 
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is a population of hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 
45%, 50%, 55%>, 60%>, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma 
cells in the population express from about 80% to about 90% of the total amount of 
monoclonal antibody produced by the hybridoma cells on the cell surface and wherein 
greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
85%, 90%, or 95% of the population are hybridoma cells wherein greater than twenty 
monoclonal antibodies are expressed and bound to the cell surface. 

Also provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
90% to about 100% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface, and wherein greater than twenty monoclonal 
antibodies are expressed and bound to the cell surface. Also provided by this invention 
is a population of hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the hybridoma 
cells in the population express from about 90% to about 100% of the total amount of 
monoclonal antibody produced by the hybridoma cells on the cell surface and wherein 
greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
85%, 90%>, or 95%) of the population are hybridoma cells wherein greater than twenty 
monoclonal antibodies are expressed and bound to the cell surface. 

Also provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
0.01% to about 10% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface, and wherein greater than 15% of the population are 
hybridoma cells wherein greater than fifty, one hundred, two hundred and fifty or five 
hundred monoclonal antibodies are expressed and bound to the cell surface. Also 
provided by this invention is a population of hybridoma cells wherein greater than 20%, 
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 
95%) of the hybridoma cells in the population express from about 0.01% to about 10% 
of the total amount of monoclonal antibody produced by the hybridoma cells on the cell 
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surface and wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 
65%, 70%, 75%, 80%, 85%, 90%, or 95% of the population are hybridoma cells 
wherein greater than fifty, one hundred, two hundred and fifty or five hundred 
monoclonal antibodies are expressed and bound to the cell surface. 
5 Also provided by the present invention is a population of hybridoma cells 

wherein greater than 15% of the hybridoma cells in the population express from about 
10% to about 20% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface, and wherein greater than 15% of the population are 
hybridoma cells wherein greater than fifty, one hundred, two hundred and fifty or five 
10 hundred monoclonal antibodies are expressed and bound to the cell surface. Also 



i! 3 provided by this invention is a population of hybridoma cells wherein greater than 20%, 

J 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 

j'j 95% of the hybridoma cells in the population express from about 10% to about 20% of 

1:3 the total amount of monoclonal antibody produced by the hybridoma cells on the cell 

Vi 

□ 15 surface and wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 

nj 

f y 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the population are hybridoma cells 

£3 
p 



wherein greater than fifty, one hundred, two hundred and fifty or five hundred 
j J monoclonal antibodies are expressed and bound to the cell surface. 

Also provided by the present invention is a population of hybridoma cells 
20 wherein greater than 15% of the hybridoma cells in the population express from about 
20% to about 30% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface, and wherein greater than 15% of the population are 
hybridoma cells wherein greater than fifty, one hundred, two hundred and fifty or five 
hundred monoclonal antibodies are expressed and bound to the cell surface. Also 
25 provided by this invention is a population of hybridoma cells wherein greater than 20%, 
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 
95% of the hybridoma cells in the population express from about 20% to about 30% of 
the total amount of monoclonal antibody produced by the hybridoma cells on the cell 
surface and wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 
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65%, 70%, 75%, 80%, 85%, 90%, or 95% of the population are hybridoma cells 
wherein greater than fifty, one hundred, two hundred and fifty or five hundred 
monoclonal antibodies are expressed and bound to the cell surface. 

Also provided by the present invention is a population of hybridoma cells 
5 wherein greater than 15% of the hybridoma cells in the population express from about 
30% to about 40% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface, and wherein greater than 15% of the population are 
hybridoma cells wherein greater than fifty, one hundred, two hundred and fifty or five 
hundred monoclonal antibodies are expressed and bound to the cell surface. Also 
I s 4 10 provided by this invention is a population of hybridoma cells wherein greater than 20%, 
(3 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 

. 2 95% of the hybridoma cells in the population express from about 30% to about 40% of 

f A t the total amount of monoclonal antibody produced by the hybridoma cells on the cell 

C 3 surface and wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 

□ 15 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the population are hybridoma cells 
j,^ wherein greater than fifty, one hundred, two hundred and fifty or five hundred 

j l3 monoclonal antibodies are expressed and bound to the cell surface. 

| l y Also provided by the present invention is a population of hybridoma cells 

wherein greater than 15% of the hybridoma cells in the population express from about 
20 40% to about 50% of the total amount of monoclonal antibody produced by the 

hybridoma cells on the cell surface, and wherein greater than 15% of the population are 
hybridoma cells wherein greater than fifty, one hundred, two hundred and fifty or five 
hundred monoclonal antibodies are expressed and bound to the cell surface. Also 
provided by this invention is a population of hybridoma cells wherein greater than 20%, 
25 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 

95% of the hybridoma cells in the population express from about 40% to about 50% of 
the total amount of monoclonal antibody produced by the hybridoma cells on the cell 
surface and wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 
65%o, 70%, 75%, 80%, 85%, 90%, or 95% of the population are hybridoma cells 
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wherein greater than fifty, one hundred, two hundred and fifty or five hundred 
monoclonal antibodies are expressed and bound to the cell surface. 

Also provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
5 50% to about 60% of the total amount of monoclonal antibody produced by the 

hybridoma cells on the cell surface, and wherein greater than 15% of the population are 
hybridoma cells wherein greater than fifty, one hundred, two hundred and fifty or five 
hundred monoclonal antibodies are expressed and bound to the cell surface. Also 
provided by this invention is a population of hybridoma cells wherein greater than 20%, 

t ! * 10 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 

(3 

□ 95% of the hybridoma cells in the population express from about 50% to about 60% of 



Q 



the total amount of monoclonal antibody produced by the hybridoma cells on the cell 
surface and wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 
65%, 70%, 75%, 80%, 85%, 90%, or 95% of the population are hybridoma cells 

Q 15 wherein greater than fifty, one hundred, two hundred and fifty or five hundred 

pij 

Y jj monoclonal antibodies are expressed and bound to the cell surface. 

! ;2 Also provided by the present invention is a population of hybridoma cells 

wherein greater than 15% of the hybridoma cells in the population express from about 
60% to about 70% of the total amount of monoclonal antibody produced by the 
20 hybridoma cells on the cell surface, and wherein greater than 15% of the population are 
hybridoma cells wherein greater than fifty, one hundred, two hundred and fifty or five 
hundred monoclonal antibodies monoclonal antibodies are expressed and bound to the 
cell surface. Also provided by this invention is a population of hybridoma cells 
wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 
25 75%o, 80%, 85%, 90%, or 95% of the hybridoma cells in the population express from 
about 60% to about 70% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface and wherein greater than 20%, 25%, 30%, 35%, 
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the 
population are hybridoma cells wherein greater than fifty, one hundred, two hundred 

36 



ATTORNEY DOCKET 21099.0074U2 

and fifty or five hundred monoclonal antibodies are expressed and bound to the cell 
surface. 

Also provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
70% to about 80% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface, and wherein greater than 15% of the population are 
hybridoma cells wherein greater than fifty, one hundred, two hundred and fifty or five 
hundred monoclonal antibodies are expressed and bound to the cell surface. Also 
provided by this invention is a population of hybridoma cells wherein greater than 20%, 
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 
95% of the hybridoma cells in the population express from about 70% to about 80% of 
the total amount of monoclonal antibody produced by the hybridoma cells on the cell 
surface and wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 
65%, 70%, 75%, 80%, 85%, 90%, or 95% of the population are hybridoma cells 
wherein greater than fifty, one hundred, two hundred and fifty or five hundred 
monoclonal antibodies are expressed and bound to the cell surface. 

Also provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
80% to about 90% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface, and wherein greater than 15% of the population are 
hybridoma cells wherein greater than fifty, one hundred, two hundred and fifty or five 
hundred monoclonal antibodies are expressed and bound to the cell surface. Also 
provided by this invention is a population of hybridoma cells wherein greater than 20%, 
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 
95% of the hybridoma cells in the population express from about 80% to about 90% of 
the total amount of monoclonal antibody produced by the hybridoma cells on the cell 
surface and wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 
65%, 70%, 75%, 80%, 85%, 90%, or 95% of the population are hybridoma cells 
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wherein greater than fifty, one hundred, two hundred and fifty or five hundred 
monoclonal antibodies are expressed and bound to the cell surface. 

Also provided by the present invention is a population of hybridoma cells 
wherein greater than 15% of the hybridoma cells in the population express from about 
90% to about 100% of the total amount of monoclonal antibody produced by the 
hybridoma cells on the cell surface, and wherein greater than 15% of the population are 
hybridoma cells wherein greater than fifty, one hundred, two hundred and fifty or five 
hundred monoclonal antibodies are expressed and bound to the cell surface. Also 
provided by this invention is a population of hybridoma cells wherein greater than 20%, 
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 
95% of the hybridoma cells in the population express from about 90% to about 100% of 
the total amount of monoclonal antibody produced by the hybridoma cells on the cell 
surface and wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 
65%, 70%, 75%, 80%, 85%, 90%, or 95% of the population are hybridoma cells 
wherein greater than fifty, one hundred, two hundred and fifty or five hundred 
monoclonal antibodies are expressed and bound to the cell surface. 

Also provided by this invention is a population of hybridoma cells comprising 
monoclonal antibodies bound to the cell surface having about two, three, four, five, six, 
seven, eight, nine, ten times more antibody on the cell surface than control cells, i.e. 
standard hybridoma cells. 

Further provided by this invention is a population of hybridoma cells 
comprising a vector comprising a nucleic acid encoding Iga and/or Igp that expresses 
monoclonal antibody bound to the cell surface, wherein when the monoclonal antibody 
is detected by fluorescence, the fluorescence intensity of the population of cells is at 
least two fold greater than the fluorescence intensity of a population of hybridoma cells 
that do not comprise a vector comprising a nucleic acid encoding Iga and/or Igp. 

The invention also provides a population of hybridoma cells comprising a 
vector comprising a nucleic acid encoding Iga and/or Igp that expresses monoclonal 
antibody bound to the cell surface, wherein when the monoclonal antibody is detected 
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by fluorescence, the fluorescence intensity of the population of cells is at least two fold, 
three fold, four fold, five fold, six fold, seven fold, eight fold, nine fold, ten fold, fifteen 
fold, twenty fold, thirty fold, forty fold, fifty fold, sixty fold, seventy fold, eighty fold, 
ninety fold, one hundred fold, two hundred and fifty fold, five hundred fold or one 
thousand fold greater than the fluorescence intensity of a population of hybridoma cells 
that do not comprise a vector comprising a nucleic acid encoding Iga and/or Igp. The 
fold increase in fluorescence intensity can also be any amount in between the fold 
increases listed above. The fold increase in fluorescence intensity can be measured by 
methods standard in the art and is described herein in the Examples. 

The population of hybridoma cells utilized to measure fluorescence intensity 
can be between 25 and 500 cells. Therefore, the population can be about 25, 50, 75, 
100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500 
cells or any number of cells in between these values. 

The hybridomas in the population can comprise a vector comprising a nucleic 
acid encoding Iga. 

Further provided by the present invention is a population of hybridoma cells 
comprising a vector comprising a nucleic acid encoding Iga and/or IgP that expresses 
monoclonal antibody bound to the cell surface, wherein when the monoclonal antibody 
is detected by fluorescence, the fluorescence intensity of at least 10% of the cells is at 
least two fold greater than the fluorescence intensity of a population of hybridoma cells 
that do not comprise a vector comprising a nucleic acid encoding Iga and/or Igp. 

The present invention also provides a population of hybridoma cells comprising 
a vector comprising a nucleic acid encoding Iga and/or IgP that expresses monoclonal 
antibody bound to the cell surface, wherein when the monoclonal antibody is detected 
by fluorescence, the fluorescence intensity of at least 20%, 30%, 40%, 50%, 60%, 70%, 
80%, 90%, 100% or any percentage in between of the cells is at least two fold greater 
than the fluorescence intensity of a population of hybridoma cells that do not comprise 
a vector comprising a nucleic acid encoding Iga and/or IgP. 
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The present invention also provides a population of hybridoma cells comprising 
a vector comprising a nucleic acid encoding Iga and/or IgP that expresses monoclonal 
antibody bound to the cell surface, wherein when the monoclonal antibody is detected 
by fluorescence, the fluorescence intensity of at least 10%, 20%, 30%, 40%, 50%, 60%, 
5 70%, 80%, 90%, 100% or any percentage in between of the cells is at least two fold, 
three fold, five fold, six fold, seven fold, eight fold, nine fold, ten fold, twenty fold, 
thirty fold, forty fold, fifty fold, sixty fold, seventy fold, eight fold, ninety fold, one 
hundred fold, two hundred and fifty fold, five hundred fold, one thousand fold or any 
amount in between, greater than the fluorescence intensity of a population of 
10 hybridoma cells that do not comprise a vector comprising a nucleic acid encoding Iga 
and/or Igp. 

Further provided by the present invention is a hybridoma cell comprising a 
vector, wherein the vector comprises a nucleic acid encoding at least one surface- 
expressed antibody receptor selected from the group consisting of Iga and Igp. 

15 Therefore, the hybridoma can comprise a vector comprising a nucleic acid encoding 

Iga, or the hybridoma can comprise a vector comprising a nucleic acid encoding IgP, or 
the hybridoma can comprise a vector comprising a nucleic acid encoding both Iga and a 
nucleic acid encoding Igp. The nucleic acids encoding Iga or Igp can be present in a 
single vector or in multiple vectors. For example, the hybridoma can comprise a vector 

20 comprising a nucleic acid encoding Iga and a vector comprising a nucleic acid 

encoding IgP or a vector comprising the nucleic acid sequences for both Iga and Igp. 
Any of the vectors can be integrated into the genome of the cell or carried 
extrachromosomally to allow transient expression of Iga and/or Igp. 

As used herein, the term "nucleic acid" refers to single-or multiple stranded 

25 molecules which may be DNA or RNA, or any combination thereof, including 

modifications to those nucleic acids. The nucleic acid may represent a coding strand or 
its complement, or any combination thereof. Nucleic acids may be identical in 
sequence to the sequences which are naturally occurring for the Iga and IgP receptors 
discussed herein or may include alternative codons which encode the same amino acid 
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as that which is found in the naturally occurring sequence. Also contemplated are 
nucleic acid sequences encoding Iga and Igp that contain deletions, substitutions, 
mutations and combinations thereof as long as the nucleic acid encodes a functional 
receptor. These nucleic acids can also be modified from their typical structure. Such 
5 modifications include, but are not limited to, methylated nucleic acids, the substitution 
of a non-bridging oxygen on the phosphate residue with either a sulfur (yielding 
phosphorothioate deoxynucleotides), selenium (yielding phosphorselenoate 
deoxynucleotides), or methyl groups (yielding methylphosphonate deoxynucleotides). 
The nucleic acid sequence for the Iga receptor is available from GenBAnk via 
!'! t 10 Accession No. NM_007655 and the polypeptide encoded by this nucleic acid sequence 
C 3 is available from GenBank via Accession Number NP_03 1681. The nucleic acid 

i, 3 sequence encoding Iga that was utilized in the Examples described herein differs from 

i, a 

I j the original Iga receptor available from GenBAnk via Accession No. NM_007655, but 

! J is consistent with the sequence provided by Sakaguchi et al. This sequence is provided 

□ 15 in Figure 3. 

m 



f3 



A nucleic acid molecule encoding Iga and a nucleic acid encoding IgP can be 
isolated from the organism in which it is normally found. For example, a genomic 
I'll DNA or cDNA library can be constructed and screened for the presence of the nucleic 

acid of interest. Methods of constructing and screening such libraries are well known 
20 in the art and kits for performing the construction and screening steps are commercially 
available (for example, Stratagene Cloning Systems, La Jolla, CA). Once isolated, the 
nucleic acid can be directly cloned into an appropriate vector, or if necessary, be 
modified to facilitate the subsequent cloning steps. Such modification steps are routine, 
an example of which is the addition of oligonucleotide linkers which contain restriction 
25 sites to the termini of the nucleic acid. General methods are set forth in Sambrook et 
al., "Molecular Cloning, a Laboratory Manual," Cold Spring Harbor Laboratory Press 
(1989). 

Once the nucleic acid sequence of the desired Iga and/or Igp is obtained, the 
sequence encoding specific amino acids can be modified or changed at any particular 
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amino acid position by techniques well known in the art. For example, PCR primers 
can be designed which span the amino acid position or positions and which can 
substitute any amino acid for another amino acid. Then a nucleic acid can be amplified 
and inserted into the wild-type receptor coding sequence in order to obtain any of a 
5 number of possible combinations of amino acids at any position of the receptors. 
Alternatively, one skilled in the art can introduce specific mutations at any point in a 
particular nucleic acid sequence through techniques for point mutagenesis. General 
methods are set forth in Smith, M. "In vitro mutagenesis" Ann. Rev. Gen., 19:423-462 
(1985) and Zoller, M.J. "New molecular biology methods for protein engineering" 
10 Curr. Opin. Struct. Biol., 1:605-610 (1991). Techniques such as these can be used to 



;= 3 alter the coding sequence without altering the amino acid sequence that is encoded. 



3 Another example of a method of obtaining a DNA molecule encoding Iga is to 

i jL i synthesize a recombinant DNA molecule which encodes Iga. A nucleic acid encoding 

5 ' J IgP can also be obtained in this manner. For example, oligonucleotide synthesis 

3 15 procedures are routine in the art and oligonucleotides coding for a particular protein 

region are readily obtainable through automated DNA synthesis. A nucleic acid for one 
strand of a double-stranded molecule can be synthesized and hybridized to its 
1 U complementary strand. One can design these oligonucleotides such that the resulting 

double-stranded molecule has either internal restriction sites or appropriate 5' or 3* 
20 overhangs at the termini for cloning into an appropriate vector. Double-stranded 
molecules coding for relatively large proteins can readily be synthesized by first 
constructing several different double-stranded molecules that code for particular regions 
of the protein, followed by ligating these DNA molecules together. For example, 
Cunningham, et al. 9 "Receptor and Antibody Epitopes in Human Growth Hormone 
25 Identified by Homolog-Scanning Mutagenesis," Science, 243:1330-1336 (1989), have 
constructed a synthetic gene encoding the human growth hormone gene by first 
constructing overlapping and complementary synthetic oligonucleotides and ligating 
these fragments together. See also, Ferretti, et aL, Proc. Nat. Acad. Sci. 82:599-603 
(1986), wherein synthesis of a 1057 base pair synthetic bovine rhodopsin gene from 
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synthetic oligonucleotides is disclosed. By constructing a nucleic acid in this manner, 
one skilled in the art can readily obtain any particular Iga or IgP with desired amino 
acids at any particular position or positions within the Iga or Igp. See also, U.S. Patent 
No. 5,503,995 which describes an enzyme template reaction method of making 
synthetic genes. Techniques such as this are routine in the art and are well documented. 
These nucleic acids or fragments of a nucleic acid encoding Iga or IgP can then be 
expressed in vivo or in vitro as discussed below. Similarly, nucleic acids or fragments 
of a nucleic acid encoding can be expressed in vivo or in vitro. 

Once a nucleic acid encoding Iga or a region of that nucleic acid, is constructed, 
modified, or isolated, that nucleic acid can then be cloned into an appropriate vector, 
which can direct the in vivo or in vitro synthesis of that wild-type and/or modified Iga 
receptor protein. Also, once a nucleic acid encoding IgP or a region of that nucleic 
acid, is constructed, modified, or isolated, that nucleic acid can then be cloned into an 
appropriate vector, which can direct the in vivo or in vitro synthesis of that wild-type 
and/or modified IgP receptor protein. The vector is contemplated to have the necessary 
functional elements that direct and regulate transcription of the inserted gene, or nucleic 
acid. These functional elements include, but are not limited to, a promoter, regions 
upstream or downstream of the promoter, such as enhancers that may regulate the 
transcriptional activity of the promoter, an origin of replication, appropriate restriction 
sites to facilitate cloning of inserts adjacent to the promoter, antibiotic resistance genes 
or other markers which can serve to select for cells containing the vector or the vector 
containing the insert, RNA splice junctions, a transcription termination region, or any 
other region which may serve to facilitate the expression of the inserted gene or hybrid 
gene. (See generally, Sambrook et al.). One could also transfect DNA or RNA 
encoding an extra copy of Iga and/or IgP directly into the cell in the absence of 
additional functional elements, e.g. as naked DNA or RNA, as long as the Iga and/or 
Igp resulted in increased expression of the receptor. 

The vector comprising a nucleic acid encoding Iga and Igp of the present 
invention can be any vector suitable for expression of a nucleic acid in a eukaryotic cell 
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as are known in the art. For example, pcDNA3.1 NeoR vector or pcDNA 3.1 Zeo can 
be utilized (Invitrogen, Inc. Life Sciences Division). Other vectors include, but are not 
limited to, a two vector inducible system from Invitrogen (pIND and pVgRXR 
plasmids), a two vector inducible system from Clontech (pTet-ON or pTet-Off and 
5 pTRE2 plasmids), single plasmids for constitutive expression from Promega (pCI or 
pSI plasmids), a two vector inducible system from Stratagene (pCMVLacI and 
pOPRSVI/MCS plasmids), single plasmid inducible systems from Stratagene (pERV3 
or pEGSH plasmids) and single retroviral inducible systems from Stratagene (pCFB- 
EGSH or pFB-ERV retroviral vectors). The vector can also be a viral vector such as an 
!;f 10 adenoviral vector, an adeno-associated viral vector, a retroviral vector, a lenti viral 

E3 vector, a pseudotyped retroviral vector, or a pox virus vector, such as a vaccinia virus 

"'-4 

1 3 vector. 

III 



The present invention also provides a hybridoma cell comprising a vector, 
wherein the vector comprises a nucleic acid encoding at least one mutated surface- 



i;3 15 expressed antibody receptor selected from the group consisting of Iga and IgP. Thus, 
l it the present invention provides a hybridoma cell comprising a vector that comprises a 

J;?" nucleic acid encoding a mutant Iga receptor, a hybridoma cell comprising a vector that 

I' U comprises a nucleic acid encoding a mutant IgP receptor, and a hybridoma cell that 

comprises a vector that comprises both a nucleic acid encoding mutant Iga receptor and 
20 a nucleic acid encoding a mutant Igp receptor. 

The mutant Iga and Igp receptors include non-signalling receptors with altered 
cytoplasmic domains. An example of such a mutant receptor is an Iga receptor 
comprising mutations at amino acid residues 176, 182, 193 and 204. The mutated Iga 
receptors of the present invention also include a mutated Iga that comprises one or 
25 more mutations selected from the group consisting of Y176F, Y182F, Y193F and 
Y204F. Further provided by the present invention is a mutated Iga receptor that 
comprises a deletion of amino acid residues 176-220. Another example of a mutant 
surface expressed antibody receptor is a mutated Igp receptor comprising mutations at 
amino acid residues 190 and 206. The mutated Igp receptors of the present invention 
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also include a mutated Igp receptor comprising one or more mutations selected from 
the group consisting of Y190F and Y206F. The mutations described herein for the Iga 
and the IgP are designed such that the receptors retain the ability to bind antibodies, but 
are unable to act as signaling receptors. One of skill in the art would know how to 
manipulate the nucleic acids encoding Iga and Igp as described above as well as other 
techniques known in the art to obtain the mutant receptors described herein as well as 
other mutant receptors. 

Also provided by the present invention is a hybridoma cell comprising a vector, 
wherein the vector comprises a nucleic acid encoding at least one chimeric surface- 
expressed antibody receptor selected from the group consisting of Iga and Igp. As used 
throughout this application, "chimeric " means that the cell surface receptor can 
comprise a sequence derived from a receptor sequence of one species, e.g. human, and a 
receptor sequence derived from another species. For example, a chimeric Iga can 
comprise a human Iga extracellular domain and a mouse Iga transmembrane domain and 
mouse intracellular (cytoplasmic) domain or a chimeric Iga can comprise a human Iga 
extracellular domain and a human transmembrane domain and a mouse intracellular 
domain. Similarly, a chimeric Igp can comprise a human Igp extracellular domain and a 
mouse IgP transmembrane and mouse intracellular domain or a chimeric Igp can 
comprise a human IgP extracellular domain and a human Igp transmembrane and a 
mouse intracellular domain. Receptor sequences from other species such as chicken, 
dog, rabbit, rat, gerbil and hamster can also be utilized to make the chimeric receptors of 
the present invention. Other examples of chimeric receptors include, but are not limited 
to a chimeric Iga or Igp receptor comprising a rabbit N-terminal extracellular domain, a 
mouse transmembrane domain and a mouse C-terminal intracellular domain; a chimeric 
receptor comprising a chicken N-terminal domain, a mouse transmembrane domain and 
a mouse C-terminal domain; a chimeric receptor comprising a mouse N-terminal 
extracellular domain, a chicken transmembrane domain and a chicken C-terminal 
intracellular signaling domain; a chimeric receptor comprising a mouse N-terminal 
extracellular domain, a rabbit transmembrane domain and a human C-terminal 
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intracellular signaling domain; a chimeric receptor comprising a mouse N-terminal 
extracellular domain a human transmembrane domain and a mutant C -terminal 
intracellular non-signaling domain from mouse." 

The chimeric receptors of this invention also include chimeric receptors 
comprising a sequence derived from Iga or Igp and another non-related sequence. For 
example, the present invention contemplates a chimeric Iga receptor comprising an 
extracellular domain from a non-related protein, such as CD8 or any other protein with 
an extracellular domain and a transmembrane Iga domain and an intracellular Iga 
domain. 

The present invention further provides a hybridoma cell comprising a vector, 
wherein the vector comprises a nucleic acid encoding at least one surface-expressed 
antibody receptor selected from the group consisting of Iga and Igp, wherein the 
nucleic acid is linked to an inducible functional expression sequence. 

All of the sequences encoding Iga and IgP can be functionally linked to an 
expression sequence. The expression sequences can include a promoter, an enhancer, a 
silencer and necessary information processing sites, such as ribosome binding sites, 
RNA splice sites, polyadenylation sites and transcriptional terminator sequences. The 
promoters utilized can be constitutive promoters or inducible promoters. 

The inducible expression systems that can be used for the compositions and 
methods of the present invention include the DPTG based regulatory system, a 
tetracycline based regulatory system, CID based regulatory system, an ecdysone based 
regulatory system, and an estrogen-based regulatory system. Burcin et al., "A 
Regulatory System for Target Gene Expression" Frontiers in Biosience, 3:1-7 (1998) 
describes these systems in detail and is incorporated herein in its entirety for the 
purposes of describing these inducible expression systems. Another inducible system 
that can be utilized is the cre-lox system (See Lakso "Targeted oncogene activation by 
site-specific recombination in transgenic mice." Proc. Natl Acad Sci USA 89: 6861-65 
(1992); Orban et al., "Tissue and site-specific DNA recombination in transgenic mice" 
Proc Natl Acad Sci USA 90: 6861-65 (1992); Gu et al., "Deletion of a DNA polymerase 
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beta gene segment in T cells using cell type-specific gene targeting" Science 265: 103- 
106 (1994)). The nucleic acids of the present invention can also be under the control of 
an inducible metallothionine promoter (See Cox and Maness "Neurite extension and 
protein tyrosine phosphorylation elicited by inducible expression of the v-src oncogene 
inaPC12cell line" Exp Cell Res 195:423-31 (1991)). 

In addition to comprising vectors comprising a nucleic acid encoding at least 
one surface expressed antibody receptor selected from the group consisting of Iga and 
Igp, the hybridomas of the present invention can also comprise a vector comprising a 
nucleic acid encoding Ul A, an enzyme involved in inhibiting the expression of the 
secretory form of immunoglobulin M (See Philips et al., "Regulation of nuclear poly 
(A) addition controls the expression of immunoglobulin M secretory mRNA, EMBO 
22:6443-6452 (2001). 

All of the hybridoma cells described in this application can be utilized in the 
methods described herein to make a monoclonal antibody of interest. 

Methods of Making Hybridomas 

Also provided by the present invention is a method for making a hybridoma cell 
comprising at least one surface-expressed antibody receptor selected from the group 
consisting of Iga and IgP comprising fusing a myeloma cell comprising a vector, 
wherein the vector comprises a nucleic acid encoding at least one surface-expressed 
antibody receptor selected from the group consisting of Iga and/or Igp, with a B cell to 
produce a hybridoma cell comprising at least one surface-expressed antibody receptor 
selected from the group consisting of Iga and Igp. 

In the methods of making the hybridoma cells of the present invention, the 
vector can integrate into the genome of the cell. The vector may also be carried 
extrachromosomally in the cell, thus allowing transient expression of Iga and Igp. In 
the methods of making the hybridomas of the present invention, the nucleic acids 
encoding Iga and IgP can be functionally linked to an inducible expression sequence. 
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Inducible expression systems are discussed above. 

The myeloma cells of the present invention can comprise at least one nucleic 
acid functionally encoding at least one surface-expressed antibody receptor selected 
from the group consisting of Iga and IgP, wherein the nucleic acid encoding the 
5 surface-expressed antibody receptor is functionally linked to an inducible expression 
sequence. The myeloma cells of the present invention can also comprise a nucleic acid 
encoding a mutated Iga receptor and/or a mutated IgP receptor. An example of such a 
mutant receptor is an Iga receptor comprising mutations at amino acid residues 176, 
182, 193 and 204. The mutated Iga receptors of the present invention also include a 

10 mutated Iga that comprises one or more mutations selected from the group consisting 
of Y176F, Y182F, Y193F and Y204F. Further provided by the present invention is a 
myeloma cell comprising a nucleic acid encoding a mutated Iga receptor that comprises 
a deletion of amino acid residues 176-220. Another example of a mutant surface 
expressed antibody receptor is a mutated IgP receptor comprising mutations at amino 

15 acid residues 190 and 206. The mutated Igp receptors of the present invention also 
include a mutated IgP receptor comprising one or more mutations selected from the 
group consisting of Y190F and Y206F. The myeloma cell of the present invention can 
be a myeloma cell comprising a vector that encodes a mutant Iga receptor, a myeloma 
cell comprising a vector that comprises a mutant IgP receptor, or a myeloma cell that 

20 comprises a mutant Iga receptor and a mutant IgP receptor. 

The myeloma cell utilized in the methods of the present invention can also 
comprise a nucleic acid encoding a chimeric Iga receptor and/or a chimeric Igp 
receptor. 



25 B cells 

The present invention also provides a B cell comprising a vector, wherein the 
vector comprises a nucleic acid encoding at least one surface-expressed antibody 
receptor selected from the group consisting of Iga and Igp. Therefore, the B cells of 
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this invention can comprise a vector comprising a nucleic acid encoding Iga 5 or a vector 
comprising a nucleic acid encoding IgP, or a vector comprising a nucleic acid encoding 
both Iga and Igp. 

The B cells of the present invention can also comprise a vector comprising a 
nucleic acid encoding a mutated Iga receptor and/or a mutated IgP receptor. An 
example of such a mutant receptor is an Iga receptor comprising mutations at amino 
acid residues 176, 182, 193 and 204. The mutated Iga receptors of the present 
invention also include a mutated Iga that comprises one or more mutations selected 
from the group consisting of Y176F, Y182F, Y193F and Y204F. Further provided by 
the present invention is a B cell comprising a vector comprising a nucleic acid encoding 
a mutated Iga receptor that comprises a deletion of amino acid residues 176-220. 
Another example of a mutant surface expressed antibody receptor is a mutated Igp 
receptor comprising mutations at amino acid residues 190 and 206. The mutated IgP 
receptors of the present invention also include a mutated Igp receptor comprising one or 
more mutations selected from the group consisting of Y190F and Y206F. The B cell of 
the present invention can be a B cell comprising a vector that encodes a mutant Iga 
receptor, a B cell comprising a vector that encodes a mutant Igp receptor, or a B cell 
that comprises a vector encoding a mutant Iga receptor and a mutant IgP receptor. The 
B cells of the present invention can also comprise a nucleic acid encoding a chimeric 
Iga receptor and/or a chimeric Igp receptor. 

The present invention also provides a B cell comprising a vector, wherein the 
vector comprises a nucleic acid encoding Iga and Igp, wherein the nucleic acid 
encoding Iga and IgP is functionally linked to an inducible expression sequence and 
wherein the nucleic acid encoding Iga and Igp is integrated into the genome of the cell. 
Such a B cell can be obtained from the transgenic animals described herein. 

The present invention also provides a method of making a B cell comprising a 
vector, wherein the vector comprises a nucleic acid encoding at least one surface- 
expressed antibody receptor selected from the group consisting of Iga and IgP 
comprising the steps of transfecting a B cell with a vector comprising at least one 
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nucleic acid functionally encoding at least one surface-expressed antibody receptor 
selected from the group consisting of Iga and Igp, wherein the nucleic acid encoding 
the surface-expressed antibody receptor is functionally linked to an expression 
sequence. In the methods of making the B cells of the present invention, the nucleic 
acids encoding Iga and IgP can be functionally linked to an inducible expression 
sequence. In the methods of making the B cells of the present invention, the vector 
comprising at least one nucleic acid functionally encoding at least one surface- 
expressed antibody receptor selected from the group consisting of Iga and IgP can be 
integrated into the genome of the B cell. Alternatively, the vector does not integrate 
into the genome of the cell and the vector is carried extrachromosomally to allow 
transient expression of Iga and/or Igp. 

The vectors of the present invention can be transfected into cells using any 
technique known in the art. For example, lipofectamine transfection, microinjection, 
electroporation, liposomal delivery and particle gun bombardment can all be utilized to 
effect vector delivery to cells. 

In order to transfect B cells removed from an animal's spleen, B cells can be 
propagated for 24-48 hours in culture so that they divide. A retroviral vector 
comprising a nucleic acid encoding comprising at least one nucleic acid functionally 
encoding at least one surface-expressed antibody receptor selected from the group 
consisting of Iga and IgP can then be transfected into the cells. In order to promote 
proliferation, cytokines can be added to the culture. Cytokines that can be utilized in 
these methods include, but are not limited to, IL-2, IL-4, IL-5, IL-6, IFN-y, and/or 
TGF-p. B cells that produce antibodies bound to their cell surface can then be detected 
by methods known in the art and described herein, such as FACS, cell panning, ELISA 
etc. Alternatively, a viral vector such as an adenoviral vector, a lentiviral vector, an 
adeno-associated vector, a vaccinia virus vector, a pseudotyped retroviral vector can be 
utilized to transfect B cells. One of skill in the art would know how to test B cells for 
their ability to be transfected by a vector and select the vector that is most suitable for 
the introduction of nucleic acids into these cells. One of skill in the art can also 
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engineer the B cells of the present invention to produce a cell surface receptor that 
would be recognized by a particular vector. For example, the B cells of the present 
invention could be engineered such that a cell-surface receptor for adenovirus is present 
on the cell surface of the B cells in order to facilitate entry of the adenoviral vector into 
the B cells. Alternatively, a viral vector comprising a ligand that binds to a receptor 
(other than Iga and Igp) that has been introduced into the B cell can also be utilized to 
effect vector transfer. The presence of these cell surface receptors can be controlled by 
an inducible expression system described herein or elsewhere in the art, such that after 
transfection, expression of the cell surface receptor necessary for viral entry is no 
longer induced and thus the receptor is no longer expressed on the cell surface of the B 
cell. These B cells can then be fused to an immortalized cell, such as a naturally 
occurring myeloma or a genetically altered myeloma cell, such as those provided herein 
to make a hybridoma cell line expressing a monoclonal antibody of interest. 
Alternatively the amino acid sequence of the antibody or desired portion thereof, such 
as a variable region made by such B cell, or the nucleic acid (cDNA) that codes for 
such antibody or portion thereof, may be determined or isolated. Such DNA sequence 
may then be incorporated into a vector which directs the expression and secretion of 
such antibody and such vector transfected into a host cell, such as a myeloma or other 
appropriate immortal cell. Techniques for determining transfecting and expressing 
such antibody sequences are described in U.S. Pat. No. 5,627,052 and U.S. Pat. No. 
6,331,415. 

The B cells of the present invention can further comprise a detectable label. 

The present invention also provides an immortalized B cell made by 
transfecting the B cell with a nucleic acid encoding telomerase. (See Bunk 
"Immortalizing Human Cells, The Scientist 14:19 (2000)). Immortalized B cells can 
also be made be inactivating pRB/pl6 (INK4a) in addition to enhanced telomerase 
expression (See Kiyono et al., 1998; Dickson et al., 2000). Furthermore, immortalized 
cells can be made by overexpressing c-myc and simian virus 40 large T antigen 
(Greenberg et al., 1999; Kim et al., 2001). Immortalized B cells can also be made by 
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overexpressing Cyclin Dl and inactivating p 53 (See Opitz et aL, 2001) or by 
overexpressing SV40 large T antigen alone (Russo et aL, 1998). Other methods of 
immortalizing B cells include overexpressing ras genes and overexpressing human 
papillomavirus 16E6 and E7 genes (See Coursen et aL, 1997). Another combination of 
genes that can be utilized is hTERT, sv40 large T oncoprotein and an onco-allele of H- 
ras. 

For some applications it may be desirable to generate B cells that are capable of 
expressing one or more Ig receptors and are also immortal. One means of achieving this 
is to use embryos derived from an animal that is transgenic for one or more 
immortalizing genes. One such animal is an IMMORTOMOUSE® mouse, 
commercially available through Charles River Laboratories. Such mice have a 
temperature sensitive SV40 T antigen gene in most cells. Those of ordinary skill in the 
art will recognize that immortal B cells may also be obtained by using transgenic 
animals that carry additional genes known to immortalize cells as described above such 
as hTERT or H-ras. 

In addition to comprising vectors comprising a nucleic acid encoding at least 
one surface expressed antibody receptor selected from the group consisting of Iga and 
IgP, the B cells of the present invention can also comprise a vector comprising a nucleic 
acid encoding Ul A, an enzyme involved in inhibiting the expression of the secretory 
form of immunoglobulin M (See Philips et aL, "Regulation of nuclear poly (A) addition 
controls the expression of immunoglobulin M secretory mRNA, EMBO 22:6443-6452 
(2001). 

All of the B cells comprising vectors described herein can be fused to a 
myeloma cell or other immortal cell line to make a hybridoma cell. The resulting 
hybridoma cell can be utilized in the methods of making a monoclonal antibody of 
interest described herein. 
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Plasma cells 

There are approximately 10 8 B cells in a typical mouse spleen. About 99% of 
such B cells surface present antibody. However 1%, or 10 6 of such cells are plasma cells 
5 and typically surface present only trace amounts of antibody. Plasma cells are known to 
produce immunoglobin that is highly specific and of strong affinity for particular target 
antigens. This invention provides populations of plasma cells that surface present 
adequate immunoglobin to enable high throughput fluorescence activated cell sorting 
technology to be used to determine whether single cells produce immunoglobin that 
* 10 react with target antigens. Such plasma cells may be obtained from any animal such as 
!; S the transgenic animals provided herein and can produce fully human immunoglobin, if 

! '4 isolated from a transgenic animal that expresses a nucleic acid coding for human 

h * antibodies in its B cells. 

I. J 

ijj As stated above, plasma cells make very specific, high affinity antibodies to 

" * 15 target antigens. Therefore, it is desirable to isolate plasma cells from among a larger 
i U population of B cells prior to sorting the plasma cells to identify cells that produce 

ru 

□ desired antibodies. The marker SYNDECAN-1 is expressed to a higher degree on 

JJl plasma cells than on other B cells. In addition, plasma cells do not express IGD or 

B220, whereas other B cells do express both markers. Commercial antibodies for 
20 SYNDECAN, IGD and B220 are available and the three markers may be used by those 
of ordinary skill in the art to segregate plasma cells from among B cell populations by 
methods known in the art. Plasma cells may also be separated from other cells by 
density-based centrifugation where the fraction containing plasma cells is collected 
using an elutriator. Alternatively, a purified plasma cell population may be achieved 
25 using separation/purification columns such as those that utilizing magnetic beads. 

The present invention provides a population of plasma cells wherein greater 
than 5 % of the cells in the population express monoclonal antibody that is bound to the 
cell surface. Also provided by this invention is a population of plasma cells wherein 
greater than 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 
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75%, 80%, 85%, 90%, or 95% of the cells in the population express monoclonal 
antibody that is bound to the cell surface. 

The present invention also provides a plasma cell, wherein greater than twenty 
monoclonal antibody molecules are expressed and bound to the cell surface. Also 
provided by the present invention is a plasma cell, wherein greater than fifty 
monoclonal antibody molecules are expressed and bound to the cell surface. Further 
provided by the present invention is a plasma cell, wherein greater than one hundred 
monoclonal antibody molecules are expressed and bound to the cell surface. The 
present invention also provides a plasma cell, wherein greater than two hundred and 
fifty monoclonal antibody molecules are expressed and bound to the cell surface. Also 
provided by the present invention is a plasma cell, wherein greater than five hundred 
monoclonal antibody molecules are expressed and bound to the cell surface. 

Further provided by this invention is a population of plasma cells comprising a 
vector comprising a nucleic acid encoding Iga and/or Igp that expresses monoclonal 
antibody bound to the cell surface, wherein when the monoclonal antibody is detected 
by fluorescence, the fluorescence intensity of the population of cells is at least two fold 
greater than the fluorescence intensity of a population of plasma cells that do not 
comprise a vector comprising a nucleic acid encoding Iga and/or Igp. 

The invention also provides a population of plasma cells comprising a vector 
comprising a nucleic acid encoding Iga and/or IgP that expresses monoclonal antibody 
bound to the cell surface, wherein when the monoclonal antibody is detected by 
fluorescence, the fluorescence intensity of the population of cells is at least two fold, 
three fold, four fold, five fold, six fold, seven fold, eight fold, nine fold, ten fold, fifteen 
fold, twenty fold, thirty fold, forty fold, fifty fold, sixty fold, seventy fold, eighty fold, 
ninety fold, one hundred fold, two hundred and fifty fold, five hundred fold, one 
hundred fold, two hundred and fifty fold, five hundred fold or one thousand fold greater 
than the fluorescence intensity of a population of plasma cells that do not comprise a 
vector comprising a nucleic acid encoding Iga and/or Igp. The fold increase in 
fluorescence intensity can also be any amount in between the fold increases listed 
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above. The fold increase in fluorescence intensity can be measured by methods 
standard in the art and is described herein in the Examples. 

The population of plasma cells utilized to measure fluorescence intensity can be 
between 25 and 500 cells. Therefore, the population can be about 25, 50, 75, 100, 125, 
150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500 cells or any 
number of cells in between these values. 

The plasma cells in the population can comprise a vector comprising a nucleic 
acid encoding Iga. 

Further provided by the present invention is a population of plasma cells 
comprising a vector comprising a nucleic acid encoding Iga and/or IgP that expresses 
monoclonal antibody bound to the cell surface, wherein when the monoclonal antibody 
is detected by fluorescence, the fluorescence intensity of at least 10% of the cells is at 
least two fold greater than the fluorescence intensity of a population of plasma cells that 
do not comprise a vector comprising a nucleic acid encoding Iga and/or Igp. 

The present invention also provides a population of plasma cells comprising a 
vector comprising a nucleic acid encoding Iga and/or IgP that expresses monoclonal 
antibody bound to the cell surface, wherein when the monoclonal antibody is detected 
by fluorescence, the fluorescence intensity of at least 20%, 30%, 40%, 50%, 60%, 70%, 
80%, 90%, 100% or any percentage in between of the cells is at least two fold greater 
than the fluorescence intensity of a population of plasma cells that do not comprise a 
vector comprising a nucleic acid encoding Iga and/or Igp. 

The present invention also provides a population of plasma cells comprising a 
vector comprising a nucleic acid encoding Iga and/or IgP that expresses monoclonal 
antibody bound to the cell surface, wherein when the monoclonal antibody is detected 
by fluorescence, the fluorescence intensity of at least 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, 100% or any percentage in between of the cells is at least two fold, 
three fold, five fold, six fold, seven fold, eight fold, nine fold, ten fold, twenty fold, 
thirty fold, forty fold, fifty fold, sixty fold, seventy fold, eight fold, ninety fold, one 
hundred fold, two hundred and fifty fold, five hundred fold, one thousand fold or any 
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amount in between, greater than the fluorescence intensity of a population of plasma 
cells that do not comprise a vector comprising a nucleic acid encoding Iga and/or Igp. 

All of the populations of plasma cells described herein can be utilized in the 
methods of making antibodies provide by the present invention such that the plasma 
5 cells of the present invention can be contacted with an antigen/antigens in order to 
identify monoclonal antibody producing cells which can be isolated and subsequently 
produced. 

Myeloma cells 

10 

The present invention also provides a myeloma cell that comprises at least one 
nucleic acid functionally encoding at least one surface-expressed antibody receptor 
selected from the group consisting of Iga and Igp, wherein the nucleic acid encoding 
the surface-expressed antibody receptor is functionally linked to an inducible 

1 5 expression sequence. 

Further provided by the present invention is a myeloma cell that comprises at 
least one nucleic acid functionally encoding at least one mutated surface-expressed 
antibody receptor selected from the group consisting of Iga and Igp, wherein the 
nucleic acid encoding the surface-expressed antibody receptor is functionally linked to 

20 an inducible expression sequence. 

Also provided by the present invention is a myeloma cell that comprises a 
nucleic acid functionally encoding a mutated Iga receptor having a deletion of amino 
acid residues 176- 220, wherein the nucleic acid encoding the surface-expressed 
antibody receptor is functionally linked to an inducible expression sequence. 

25 Further provided by this invention is a myeloma cell that comprises a nucleic 

acid functionally encoding a mutated Iga receptor having one or more mutations 
selected from the group consisting of: Y176F, Y182F, Y193F, Y204F, wherein the 
nucleic acid encoding the surface-expressed antibody receptor is functionally linked to 
an inducible expression sequence. 

56 



b 

: i 

• ! ,y 
G 

ca 
ru 
ru 
□ 
□ 
ry 



ATTORNEY DOCKET 21099.0074U2 

The present invention further provides a myeloma cell that comprises a nucleic 
acid functionally encoding a mutated IgP receptor having one or more mutations 
selected from the group consisting of: Y190F and Y206F, wherein the nucleic acid 
encoding the surface-expressed antibody receptor is functionally linked to an inducible 
expression sequence. 

Any of the myeloma cells comprising vectors provided by the present invention 
can be fused to a B cell, including a B cell comprising a vector of the present invention, 
to make a hybridoma cell. The resulting hybridoma cell can then be used in the 
methods of making monoclonal antibodies described herein. 

The present invention also provides a method of making a myeloma cell that 
comprises at least one nucleic acid functionally encoding at least one surface-expressed 
antibody receptor selected from the group consisting of Iga and Igp, wherein the 
nucleic acid encoding the surface-expressed antibody receptor is functionally linked to 
an inducible expression sequence comprising the steps of transfecting a myeloma cell 
with at least one nucleic acid functionally encoding at least one surface-expressed 
antibody receptor selected from the group consisting of Iga and IgP, wherein the 
nucleic acid encoding the surface-expressed antibody receptor is functionally linked to 
an inducible expression sequence. 

The present invention also provides a method of making a myeloma cell that 
comprises at least one nucleic acid functionally encoding at least one mutated surface- 
expressed antibody receptor selected from the group consisting of Iga and IgP, wherein 
the nucleic acid encoding the surface-expressed antibody receptor is functionally linked 
to an inducible expression sequence comprising transfecting a myeloma cell with at 
least one nucleic acid functionally encoding at least one mutated surface-expressed 
antibody receptor selected from the group consisting of Iga and IgP, wherein the 
nucleic acid encoding the surface-expressed antibody receptor is functionally linked to 
an inducible expression sequence. 

Also provided by the present invention is a method of making a myeloma cell 
that comprises a nucleic acid functionally encoding a mutated Iga receptor having one 
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or more mutations selected from the group consisting of: Y176F, Y182F, Y193F, 
Y204F, wherein the nucleic acid encoding the surface-expressed antibody receptor is 
functionally linked to an inducible expression sequence comprising transfecting a 
myeloma cell with a nucleic acid functionally encoding a mutated Iga receptor having 
one or more mutations selected from the group consisting of: Y176F, Y182F, Y193F, 
Y204F, wherein the nucleic acid encoding the surface-expressed antibody receptor is 
functionally linked to an inducible expression sequence. 

The present invention provides a method of making a myeloma cell that 
comprises a nucleic acid functionally encoding a mutated IgP receptor having one or 
more mutations selected from the group consisting of: Y190F and Y206F, wherein the 
nucleic acid encoding the surface-expressed antibody receptor is functionally linked to 
an inducible expression sequence comprising transfecting a myeloma cell with a 
nucleic acid functionally encoding a mutated IgP receptor having one or more 
mutations selected from the group consisting of: Y190F and Y206F, wherein the 
nucleic acid encoding the surface-expressed antibody receptor is functionally linked to 
an inducible expression sequence. 

The present invention provides a method of making a myeloma cell that 
comprises a nucleic acid functionally encoding a mutated Iga receptor having a deletion 
of amino acid residues 176- 220, wherein the nucleic acid encoding the surface- 
expressed antibody receptor is functionally linked to an inducible expression sequence 
comprising transfecting a myeloma cell with a nucleic acid functionally encoding a 
mutated Iga receptor having a deletion of amino acid residues 176- 220, wherein the 
nucleic acid encoding the surface-expressed antibody receptor is functionally linked to 
an inducible expression sequence. 

In addition to comprising vectors comprising a nucleic acid encoding at least 
one surface expressed antibody receptor selected from the group consisting of Iga and 
Igp, the myeloma cells of the present invention can also comprise a vector comprising a 
nucleic acid encoding Ul A, an enzyme involved in inhibiting the expression of the 
secretory form of immunoglobulin M (See Philips et al., "Regulation of nuclear poly 
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(A) addition controls the expression of immunoglobulin M secretory mRNA, EMBO 
22:6443-6452 (2001). 

The present invention also provides a method of screening myeloma cells or 
other other immortal cells for the presence of Iga and IgP on their surface. If a 
5 myeloma cell or am immortal cell naturally expressing Iga and IgP is identified, this 
cell can be fused to B cells to produce hybridoma cells expressing monoclonal 
antibodies on their cell surface. If a myeloma cell or an immortal cell naturally 
expressing Iga is identified, this cell can be fused to the B cells of the present invention 
to produce hybridoma cells expressing monoclonal antibodies on their cell surface. 

10 Alternatively, this cell can be transfected with a vector comprising a nucleic acid 

encoding IgP and then fused to a B cell in order to produce hybridoma cells expressing 
monoclonal antibodies on their cell surface. If a myeloma cell or an immortal cell 
naturally expressing Igp is identified, this cell can be fused to the B cells of the present 
invention to produce hybridoma cells expressing monoclonal antibodies on their cell 

15 surface. Alternatively, this cell can be transfected with a vector comprising a nucleic 
acid encoding Iga and then fused to a B cell in order to produce hybridoma cells 
expressing monoclonal antibodies on their cell surface. 

Myeloma cells can also be screened to determine which of the myeloma cells is 
a suitable fusion partner for making hybridomas. One of skill in the art would know 

20 how to test myelomas for desirable fusion characteristics either before or after 

screening for the presence of Iga and/or IgP in order to determine which ones are best 
suited for fusion with B cells. Alternatively, once a myeloma cell or immortalized cell 
is deemed to be suitable for fusion, this myeloma cell can be transfected with Iga 
and/or Igp prior to fusion with a B cell. In addition, since HAT selection is not 

25 required, the investigator's choice of the cell to be used as a fusion partner for B cells in 
a given protocol is greatly expanded. Using DISH, myelomas or other candidate fusion 
partners can be identified that are more cell sparing or offer other advantages over 
standard myelomas in use today. 
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Methods of Making Monoclonal Antibodies 

The present invention provides method of making a monoclonal antibody of 
interest comprising: a) contacting a population of hybridoma cells wherein greater than 
15 % of the cells in the population express mo;ioclonal antibody that is bound to the 
cell surface with an antigen linked to a detectable label, wherein the antigen binds to the 
monoclonal antibody to yield a detectably labeled hybridoma cell; b) isolating the 
detectably labeled hybridoma cell, thus identifying a hybridoma cell that produces the 
monoclonal antibody of interest; c) making the monoclonal antibody of interest from 
the hybridoma cell 

Also provided is a method of making a monoclonal antibody of interest 
comprising: a) contacting a population of hybridoma cells wherein greater than 15 % of 
the cells in the population express monoclonal antibody that is bound to the cell surface 
with an antigen, wherein the antigen binds to the monoclonal antibody ; b) adding a 
detectable label to the antigen to yield a detectably labeled hybridoma cell; c) isolating 
the detectably labeled hybridoma cell, thus identifying a hybridoma cell that produces 
the monoclonal antibody of interest; d) making the monoclonal antibody of interest 
from the hybridoma cell. 

In the methods of making a monoclonal antibody described herein, conditions 
whereby an antigen/antibody complex can form as well as assays for the detection of 
the formation of an antigen/antibody complex and quantitation of the detected protein 
are standard in the art. Such assays can include, but are not limited to, Western 
blotting, immunoprecipitation, immunofluorescence, immunocytochemistry, 
immunohistochemistry, fluorescence activated cell sorting (FACS), fluorescence in situ 
hybridization (FISH), immunomagnetic assays, ELISA, ELISPOT (Coligan et al., eds., 
Current Protocols in Immunology, Wiley, New York (1995)), agglutination assays, 
flocculation assays, cell panning, magnetic separation etc., as are well known to those 
of skill in the art. 
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The antigen of this invention can be bound to a substrate (e.g., beads, tubes, 
slides, plates, nitrocellulose sheets, etc.) or conjugated with a detectable label (moiety) 
or both bound and conjugated. The detectable moieties contemplated for the present 
invention can include, but are not limited to, an immunofluorescence moiety (e.g., 
fluorescein, rhodamine), a radioactive moiety (e.g., 32 P, 125 1, 35 S), an enzyme moiety 
(e.g., horseradish peroxidase, alkaline phosphatase), a colloidal gold moiety, a dye and 
a biotin moiety. Such conjugation techniques are standard in the art (see, e.g., Harlow 
and Lane, "Antibodies, A Laboratory Manual" Cold Spring Harbor Publications, New 
York, (1988); Yang et al., Nature 382: 319-324 (1996)). Labels can be coupled either 
directly or indirectly to the antigens. One example of indirect coupling is by use of a 
spacer moiety. These spacer moieties, in turn, can be either insoluble or soluble 
(Diener et al., Science 231: 148 (1986)). 

There are many different labels and methods of labeling known to those of 
ordinary skill in the art. Examples of the types of labels which can be used in the 
present invention include enzymes, radioisotopes, fluorescent compounds, 
chemiluminescent compounds, microspheres dyes and bioluminescent compounds. 
Furthermore, the binding of these labels to the antigens required for practice of the 
invention can be done using standard techniques common to those of ordinary skill in 
the art. 

Since the populations of hybridomas described herein can produce more than 
one monoclonal antibody, the present invention provides for methods of making 
monoclonal antibodies, wherein the population of cells is contacted with more than one 
antigen. Once each antigen binds a monoclonal antibody of interest, each one can be 
detected by a separate label, thus identifying more than one monoclonal antibody of 
interest in a population of cells. For example, the population can be contacted with 
three antigens, wherein each antigen is labeled either directly or indirectly with a 
different fluorescent label. The monoclonal antibody producing cells can be detected 
and the three different monoclonal antibody producing cells can be distinguished based 
on the differences in fluorescence associated with the different labels. Therefore, the 
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present invention allows the isolation and production of more than one monoclonal 
antibody from a population of cells. This same approach can be applied to the isolation 
and production of multiple monoclonal antibodies from the B cells of this invention, 
including the isolation and production of monoclonal antibodies from the plasma cells 
of this invention. 

In the above methods of making a monoclonal antibody of interest, a 
population of hybridoma cells wherein greater than 20%, 25%, 30%, 35%, 40%, 45%, 
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% can be contacted with the 
antigen. 

A method of making a monoclonal antibody of interest comprising: a) 
contacting a hybridoma cell, wherein greater than twenty monoclonal antibody 
molecules are expressed and bound to the cell surface with an antigen linked to a 
detectable label, wherein the antigen binds to the monoclonal antibody to yield a 
detectably labeled hybridoma cell; b) isolating the detectably labeled hybridoma cell, 
thus identifying a hybridoma cell that produces the monoclonal antibody of interest; c) 
making the monoclonal antibody of interest from the hybridoma cell. 

A method of making a monoclonal antibody of interest comprising: a) 
contacting a hybridoma cell, wherein greater than twenty monoclonal antibody 
molecules are expressed and bound to the cell surface with an antigen, wherein the 
antigen binds to the monoclonal antibody; b) adding a detectable label to the antigen to 
yield a detectably labeled hybridoma cell; c) isolating the detectably labeled hybridoma 
cell, thus identifying a hybridoma cell that produces the monoclonal antibody of 
interest; d) making the monoclonal antibody of interest from the hybridoma cell. 

In the above methods of making a monoclonal antibody of interest, a hybridoma 
cell wherein greater than fifty, one hundred, two hundred and fifty or five hundred 
monoclonal antibody molecules are expressed and bound to the cell surface can be 
contacted with the antigen. 
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In all of the methods of making a monoclonal antibody of interest, the 
hybridoma cells can comprise a vector comprising a nucleic acid encoding at least one 
surface-expressed antibody receptor selected from the group consisting of Iga and Igp. 
The nucleic acid encoding at least one surface-expressed antibody receptor selected 
from the group consisting of Iga and Igp can be a mutated Iga and/or mutated Igp, a 
chimeric Iga and/or chimeric Igp as described above. 

The present invention also provides a method of making a monoclonal antibody 
of interest comprising: a) contacting a B cell comprising a vector, wherein the vector 
comprises a nucleic acid encoding at least one surface-expressed antibody receptor 
selected from the group consisting of Iga and Igp with an antigen linked to a detectable 
label, wherein the antigen binds to the monoclonal antibody to yield a detectably 
labeled B cell; b) isolating the detectably labeled B cell, thus identifying a B cell that 
produces the monoclonal antibody of interest; and c) making the monoclonal antibody 
of interest. 

The present invention also provides a method of making a monoclonal antibody 
of interest comprising: a) contacting a B cell comprising a vector, wherein the vector 
comprises a nucleic acid encoding at least one surface-expressed antibody receptor 
selected from the group consisting of Iga and Igp with an antigen; b) add a detectable 
label that binds to the antigen to yield a detectably labeled B cell; c) isolating the 
detectably labeled B cell, thus identifying a B cell that produces the monoclonal 
antibody of interest; and d) making the monoclonal antibody of interest. 

The invention further provides a method of making a monoclonal antibody of 
interest comprising: a) contacting a B cell comprising a vector, wherein the vector 
comprises a nucleic acid encoding at least one surface-expressed antibody receptor 
selected from the group consisting of Iga and Igp with an antigen linked to a detectable 
label, wherein the antigen binds to the monoclonal antibody to yield a detectably 
labeled B cell; b) isolating the detectably labeled B cell, thus identifying a B cell that 
produces the monoclonal antibody of interest; c) determining the amino acid sequence 
of the variable region of the monoclonal antibody; and d) making the monoclonal 
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antibody of interest. The amino acid sequence of the variable region of the monoclonal 
antibody can be determined by obtaining RNA from an antibody producing cell, such 
as a B cell, constructing a cDNA, amplifying the cDNA by utilizing primers 
corresponding to a DNA sequence in the variable region of the immunoglobulin chain, 
5 determining the nucleotide sequence and translating the nucleotide sequence in order to 
obtain an amino acid sequence for the variable region of the monoclonal antibody. For 
the purposes of determining the amino acid sequence of the variable region of a 
monoclonal antibody, please see, U.S. Patent 5,627,052 which is hereby incorporated in 
its entirety by this reference. 

10 The invention further provides a method of making a monoclonal antibody of 

interest comprising: a) contacting a B cell comprising a vector, wherein the vector 
comprises a nucleic acid encoding at least one surface-expressed antibody receptor 
selected from the group consisting of Iga and IgP with an antigen linked to a detectable 
label, wherein the antigen binds to the monoclonal antibody to yield a detectably 

15 labeled B cell; b) isolating the detectably labeled B cell, thus identifying a B cell that 
produces the monoclonal antibody of interest; c) obtaining a nucleic acid encoding the 
variable region of the monoclonal antibody and d) making the monoclonal antibody of 
interest. A nucleic acid encoding the variable region of the monoclonal antibody can be 
obtained by isolating DNA from an antibody producing cell, such as a B cell. Once 

20 DNA is isolated, the DNA sequences encoding the rearranged variable regions, 
including the complementarity determining regions are amplified by PCR and the 
resulting amplification product sequenced. For the purposes of obtaining a nucleic acid 
encoding the variable region of a monoclonal antibody, please see U.S. Patent 
5, 627, 052 which is hereby incorporated in its entirety by this reference. 

25 In all of the methods of making a monoclonal antibody of interest from B cells, 

the B cells can comprise a vector comprising a nucleic acid encoding at least one 
surface-expressed antibody receptor selected from the group consisting of Iga and Igp. 
The nucleic acid encoding at least one surface-expressed antibody receptor selected 
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from the group consisting of Iga and IgP can be a mutated Iga and/or mutated IgP, a 
chimeric Iga and/or chimeric Igp. 

The present invention also provides a method of making a hybridoma cell that 
produces a monoclonal antibody that recognizes a selected antigen comprising: a) 
immunizing a mouse with the antigen; b) fusing a B cell from the immunized mouse 
with a myeloma cell that comprises at least one nucleic acid functionally encoding at 
least one surface-expressed antibody receptor selected from the group consisting of Iga 
and IgP to produce a monoclonal antibody producing hybridoma cell, wherein the 
monoclonal antibody produced by the hybridoma cell is expressed and bound to the 
cell surface; c) contacting the monoclonal antibody producing hybridoma cell with the 
antigen, wherein the antigen binds to the monoclonal antibody on the cell surface to 
produce a detectable hybridoma cell, and d) isolating the detectable hybridoma cell, 
thus making a hybridoma cell that produces a monoclonal antibody that recognizes a 
specific antigen. In this method, the antigen can be directly labeled to yield a 
detectably labeled hybridoma cell. 

As used herein, an "antigen" can be a peptide, a polypeptide, a recombinant 
polypeptide, a carbohydrate, a nucleic acid, a lipid, a fragment of a polypeptide, such as 
a C-terminal fragment or an N-terminal fragment, an organic compound, a synthetic 
compound, a naturally occurring compound derived from bacterial, plant, animal, 
protist or fungal source. The antigen can also comprise the binding site of a cell surface 
receptor such that monoclonal antibodies against that particular site can be made to 
target a cell surface receptor. 

A method of making a hybridoma cell that produces a monoclonal antibody that 
recognizes a selected antigen comprising: a) contacting a B cell comprising a vector, 
wherein the vector comprises a nucleic acid encoding at least one surface-expressed 
antibody receptor selected from the group consisting of Iga and Igp with an antigen 
wherein the antigen binds to the monoclonal antibody to yield a detectable B cell; b) 
isolating the detectable B cell, thus identifying a B cell that produces the monoclonal 
antibody of interest and; c) fusing the B cell that produces the monoclonal antibody of 
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interest to a myeloma cell to produce a hybridoma cell that produces a monoclonal 
antibody that recognizes a selected antigen. In this method, the antigen can be directly 
labeled to yield a detectably labeled B cell. 

Also provided by this invention is a transgenic animal comprising B cells 
comprising a vector, wherein the vector comprises a nucleic acid encoding at least one 
surface-expressed antibody receptor selected from the group consisting of Iga and Igp 
functionally linked to expression sequences, including but not limited to a promoter, 
intronic sequences and poly-adenylation signal sequences. The B cells comprising a 
vector can comprise at least one mutated surface-expressed antibody receptor selected 
from the group consisting of Iga and Igp. The B cells comprising a vector can 
comprise at least one chimeric surface-expressed antibody receptor selected from the 
group consisting of Iga and Ig(5. The B cells comprising a vector can comprise a: 
mutated Iga receptor comprising one or more mutations selected from the group 
consisting of: Y176F, Y182F, Y193F, Y204F. The B cells comprising a vector can 
comprise a mutated IgP receptor comprising one or more mutations selected from the 
group consisting of: Y190F and Y206F. 

The transgenic animals of this invention can be made by methods known in the 
art. For the purposes of generating a transgenic animal, screening the transgenic animal 
for the presence of a transgene and other methodology regarding transgenic animals, 
please see U.S. Patent No. 6,1 1 1,166 which is incorporated by this reference in its 
entirety. For example, the transgenic animals of this invention can be made by a) 
injecting a transgene comprising a nucleic acid encoding Iga functionally linked to an 
expression sequence and/or a transgene comprising a nucleic acid encoding Igp 
functionally linked to an expression sequence into an embryo and b) allowing the 
embryo to develop into an animal. This can further comprise crossing the animal with 
a second animal to produce a third animal. B cells comprising a transgene, wherein the 
transgene comprises a nucleic acid encoding at least one surface-expressed antibody 
receptor selected from the group consisting of Iga and IgP can be isolated from the 
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transgenic animal of this invention. The transgenic animals of the present invention 
include, but are not limited to, mouse, rat, rabbit, guinea pig. 

In the transgenic animals of the present invention, the transgene can be 
expressed in immature B cells, mature naive B cells, mature activated B cells, memory 
B cells, B lineage lymphocytes and/or plasma cells. Therefore, the expression 
sequences can be selected such that expression of the transgene is directed to B cells, 
but not exclusively to B cells. The expression sequence can direct expression to one, 
more than one or all of the following types of B cells: immature B cells, mature naive B 
cells, mature activated B cells, memory B cells, B lineage lymphocytes and plasma 
cells. 

In the transgenic animals of the present invention, expression of the transgene 
can be controlled by an inducible promoter. The transgenic animal of this invention 
can utilize an inducible expression system such as the cre-lox, metallothionene, or 
tetracycline-regulated transactivator system. Using the example of the cre-lox system, 
the genes of interest (Igot and Ig(3) are inserted onto a plasmid or suitable viral vector 
containing a stop codon flanked by locus of crossing over (loxP) sites which comprise 
two 13 base pair inverted repeats separated by an 8 base pair spacer region. This 
cassette is under control of a specific promoter such as the immunoglobulin kappa, 
immunoglobulin lambda, CD19, CD45R/B220, CD81 (TAPA-1), or CD138 (syndecan- 
1) promoter. The genes of interest are inserted in the plasmid on the opposite side of 
the loxP-stop-loxP region from the cell specific promoter. In another plasmid, cre- 
recombinase is inserted next to a promoter whose expression may be controlled (prol). 
Each plasmid is micro-injected into the pronuclei of separate embryos and the embryos 
implanted into a pseudopregnant female. Additionally, the plasmids may be used to 
transform embryonic stem cells from a suitable animal. The latter will thereafter be 
combined with blastocysts from the same or similar non-human animal and re- 
implanted into pseudopregnant foster mothers to generate chimeric animals comprising 
the plasmid comprising the transgene. Further methods of generating transgenic 
animals well known in the art, such as lipofectin or viral transfection of embryonic stem 
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cells or pre-implantation embryos, may also be used. Alternatively, mice bearing a 
prol-cre transgene may include already established mice such as the interferon 
inducible 'Mx-Cre' mouse by Kuhn et al. (see below). 

Transgenic animals are mated and the resulting Fl animals are screened for the 
gene via PCR and/or Southern blot analysis. After homozygocity for the transgene is 
established, animals possessing the prol-cre sequence are then mated with animals with 
an intact pro-/<?;cP-stop-/ax:P-Iga-IgP. The resulting Fl animals are then screened for 
individuals possessing both transgenes by PCR and/or Southern blot analysis. In the 
case of the 'Mx-Cre' ere recombinase transgene, expression of the pro-loxP-stop-loxP- 
Iga-IgP transgene is achieved by initiating expression of the ere recombinase such as 
through the injection of type- 1 interferon (IFN) as is the case with the 'Mx-Cre' ere 
recombinase transgene. The cre-recombinase will then initiate a recombination event 
targeted at the loxP sites by binding at the inverted repeats of one lox site and forming a 
synapse with the second site. Cre-recombinase will then cleave the DNA in the spacer 
region and initiate strand exchange between the synapted loxP sites. This will result in 
the deletion of the stop codon and transcription from the promoter through the Igoc and 
IgP genes. A similar method is detailed by M. Lasko et al., in "Targeted oncogene 
activation by site-specific recombination in transgenic mice," PNAS, 89, 6232-6236, 
July 1992, and is included herein in its entirety. Though this is only one method of 
using the cre/lox system similar results may be achieved by inserting the Igoc and IgP 
genes onto a plasmid or viral vector in reverse oritentation to the promoter and between 
loxP sites in opposite orientation (pro-/axP-Igp-Iga-/axP). In this scenario, once a 
recombination event is initiated the genes may reverse orientation (pro-Iga-Igp) 
allowing transcription. An example of this is documented in M. Mitsou et al., 
"Memory B-cell persistence is independent of persisting immunizing antigen," Nature 
407, 636-642, Oct. 5, 2000 and included herein in its entirety. The use of Mx-Cre 
transgenic mouse and type-1 IFN as an inducer was published by R. Kuhn et al., 
"Inducible gene targeting in mice," Science, 269(5229): 1427-1429, Sept. 8, 1995, and 
is included herein by reference in its entirety. 
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In another approach, B cells from animals with an intact pro-/oxP-stop-/axP- 
Iga-Igp will be treated in vitro with a cell permeable Cre recombinase protein such as 
that described by Jo et al., "Epigenetic regulation of gene structure and function with a 
cell-permeable Cre recombinase," Nature Biotechnology, 19: 929-933, 2001, and is 
included herein by reference in its entirety. 

The transgenic animals of the present invention can also utilize a tetracycline 
system where the genes of interest (Igcc and/or Igp) are inserted into a plasmid or viral 
vector adjacent to a tetracycline-responsive promoter (TRE). In another plasmid, 
tetracycline-controlled transactivator (rtTA) is inserted next to a promoter that can 
direct expression to B cells or a constitutive promoter. As with the cre-lox system 
transgenic animals may be made by micro-injection of pronuclei or stem cell 
transformation. The resulting Fl animals are screened for the gene. Animals 
possessing the pro-rtTA sequence are bred to homozygocity and then mated with 
animals with an intact TRE- Igcc-Igp. The resulting Fl animals are then screened for 
individuals possessing both transgenes. Expression of the transgene is achieved by 
injecting tetracycline or a suitable derivative such as doxycyline. The dox will bind to 
the rtTA allowing binding to the TRE and promoting transcription of the Iga and/or IgP 
genes. Use of the tetracycline inducible system is exemplified in D.Y. Ho et al., 
"Inducible gene expression from defective herpes simplex virus vectors using the 
tetracycline-responsive promoter system," Brain Res. Mol. Brain Res. 41(1-2): 200- 
209, Sept. 5, 1996; Y. Yoshida et al., "VSV-G-pseudotyped retroviral packaging 
through adenovirus-mediated inducible gene expression," Biochem. Biophys. Res. 
Commun. 232(2): 379-382, Mar. 17, 1997; A. Hoffman et al., "Rapid retroviral delivery 
of tetracycline-inducible genes in a single autoregulatory cassette," PNAS, 93(1 1): 
5185-5190, May, 28, 1996; and B. Massie et al., "Inducible overexpression of a toxic 
protein by an adenovirus vector with a tetracycline-regulatable expression cassette," J. 
Virol. 72(3): 2289-2296, Mar. 1998, all of which are incorporated herein in their 
entireties by this reference. 
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Also provided by the present invention is a method of identifying a cell that 
produces a monoclonal antibody that recognizes a specific antigen comprising: a) 
immunizing a transgenic animal comprising B cells comprising a vector, wherein the 
vector comprises a nucleic acid encoding at least one surface-expressed antibody 
receptor selected from the group consisting of Iga and Igp; b) isolating the B cells from 
the animal of step a); c) contacting the cells of step b) with the antigen, wherein the 
antigen binds to the monoclonal antibody to yield a detectable labeled cell; and d) 
isolating the detectably labeled cell, thus identifying a cell that produces a monoclonal 
antibody that recognizes a specific antigen. 

The present invention also provides a hematopoietic stem cell comprising a 
vector, wherein the vector comprises a nucleic acid encoding at least one surface- 
expressed antibody receptor selected from the group consisting of Iga and Igp. 

The present invention is more particularly described in the following examples 
which are intended as illustrative only since numerous modifications and variations 
therein will be apparent to those skilled in the art. 

EXAMPLES 

This invention shows that the lack of antibody receptors Iga and/or Igp, is the 
major limitation to surface presentation of antibody in hybridomas. The membrane 
form of antibody binds these two receptors through the membrane spanning domain 
that is on the Oterminus of the full-length heavy chain (mHC) as shown in Figure 1. 
Most myelomas have lost the ability to produce Iga and/or Igp, and the resulting 
hybridoma fusions no longer present surface mAb because they lack the the Iga 
receptor or the Iga and Igp receptors (Kanavaros et al., 1995). Myelomas impart this 
lack of surface presentation of antibody to most hybridoma cell lines, even though 
many hybridomas are derived from early or mid-stage B-cells, which themselves 
present surface mAbs (Milcarek et al., 1996). 
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Engineering the constitutive expression of Iga and/or Igfi: The cDNAs encoding 
the two receptor sequences Iga and Igfi were PCR amplified from a mouse spleen 
cDNA library (Clontech). Restriction endonuclease cloning sites were added as part of 
the oligonucleotide primers used in the PCR amplification as shown in Figure 2A and 
the appropriate-sized PCR products were obtained (Figure 2B). The confirmed 
sequences of the PCR-amplified receptor for Iga and IgP are shown in Figures 3 and 
4, respectively. The PCR product containing Iga was digested with HindlU and EcoKL 
and cloned into the corresponding replacement region of the eukaryotic expression 
vector pcDNA3. 1 (Neo) (Invitrogen, Inc.). The PCR product containing the Igp 
sequence was digested with Hindlll and Xhol and cloned into the corresponding 
replacement regions of the eukaryotic expression vector pcDNA3.1/Zeo (Invitrogen, 
Inc.). The structure of these two related pcDNA3.1 expression vectors are shown in 
Figures 5 and 6, respectively. The two vectors differ only in carrying resistance 
markers for Neomycin G418 and Zeocin, respectively. The resulting plasmids are 
termed p3.1NeoIga and p3.1ZeoIgp, respectively. Both pcDNA3.1 vectors express 
cloned sequences under the control of the strong constitutive CMV promoter and BGH 
terminator. Recombinant plasmid DNA was purified over an endotoxin free 
purification kit (Qiagen, Inc.) in preparation for transfection. 

A well-characterized hybridoma cell line, HGS1 (fusion of Sp2/0 and a mouse 
B cell) was utilized (cloned linel2G7). This line makes monoclonal antibodies to E. 
coli glutathione synthetase (GS) as described previously. The antibody reacts well with 
both a synthetic peptide designed from the GS sequence or the full-length GS protein. 

The myeloma cell line Sp2/0 forms the standard fusion partner used for over a 
decade at University of Georgia's monoclonal facility in producing hybridomas. Sp2/0 
and derived hybridomas are grown on RPMI medium (RPMI-1640, Sigma, Inc.) 
supplemented with 20% fetal Bovine serum (Atlanta Biologicals, Inc.) and grown at 
37°C with 5% C0 2 . 

Optimizing transfection and selection: A constitutive p-galactosidase (p-gal) 
reporter plasmid (pcDNA3.1/lacZ, Invitrogen) was utilized to optimize and quantify 
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lipofection techniques on HGS1 hybridoma and Sp2/0 myeloma cell lines. 
Transfection was performed by mixing 6-8 |il of LipofectAMINE reagent (Gibco BRL) 
with 1-2 |ig of plasmid DNA for 5 hr at 37°C in 1.0 ml of Opti-MEM I (GibcoBRL) 
reduced serum medium. Lipofection frequencies that occurred were relatively low, 
averaging approximately 30 transfectants per 500,000 cells, but were higher than 
previously reported for myeloma cells (Oi et al., 1983; Sun et al., 1991). The frequency 
of co-transfection of two DNAs was determined to average about 6-10 cells per 
500,000. There was little difference between the frequency of transfecting or 
expressing linear or supercoiled plasmid DNA in several transfections, therefore, 
supercoiled DNA was used for subsequent experiments. Neomycin (Neo) (G418, 
Gibco BRL) and Zeocin (Invitrogen) kill curves were established on the same cells with 
100% killing of control cells occurring over 7 days on 750 jxg/ml G418 and 750 mg/ml 
Zeocin. After this initial period of selection the G418 concentration remains the same, 
but the Zeocin concentration is reduced to 450 jig/ml. Cells are grown under continuous 
selection. 

Transfection and expression of Ig receptor genes: Receptor protein levels were 
assayed on Western blots of crude extracts resolved by SDS-PAGE. Rabbit polyclonal 
antibodies to the two receptors were provided by Dr. Linda Matsuuchi (Univ. 
Vancouver). Strong receptor expression is seen in the 30-40 kDa range for the spleen 
cell control (SC) as shown in Figure 7, while the higher molecular weight bands appear 
to be background. Using a double-drug selection for Neomycin and Zeocin isolated 
several independent and stably co-transfected cell lines (HGSlctpi-HGSlapi6) 
containing the two constructs p3.1NeoIga and p3.1ZeoIgp were isolated. Several of 
these cell lines were examined for Igoc and IgP expression on western blots. Two of 
five lines examined in one experiment, HGSl-IgctP2 and HGSl-Igocp5 (Figure 7) 
produced measurable levels of Igoc protein. This experiment also revealed that all cell 
lines examined produced significant amounts of Igp with or without transfection with 
the pNeo3.1Iga and p3.1ZeoIgp constructs. This background expression of IgP was 
observed in myeloma line Sp2/0, the hybridoma line HGS1 (derived from a fusion 
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between Sp2/0 and a mouse B-cell), all lines derived from HGS1, and other hybridoma 
lines derived from Sp2/0. 

Increased surface presentation of antibody in transfected hybridoma lines: The 
lines expressing high levels of Igot from p3.1NeoIgot were examined for surface 
presentation of antibody in Figure 8. FITC-labeled sheep polyclonal anti-mouse 
antibody (Sigma) was used to measure the base level of mouse antibody on the surface 
of control cells, HGSla. A low frequency of control cells present antibody with the 
typical result from several experiments being shown in Figure 8A-B. Remarkably, 
four of the six HGS lap cell lines transfected with both receptor plasmids (otp6, 
otP7, aP9, apiO) present large amounts of antibody on the surface of 100% of their 
cells as shown in Figure 8C, D, F, and G, respectively. A few cells in each field are 
out of focus, but a through focus examination of the field of cells reveals that 99% of 
the cells in each of the four populations present detectable levels of surface antibody. 
Clearly, examination of these cell populations reveals a significant increase in both the 
frequency of the cells that present antibody relative to the control cells and increases in 
the level of expression. Two of the G418 and Zeocin resistant transfected cell lines 
(ap8, api 1) showed no significant surface presentation of antibody (Figure 8E and 
8H). Surprisingly, they presented less surface antibody, even than control HGS 1 cells, 
with none of the 100-plus cells examined showing detectable surface expression. 

Examining Ig receptor expression in hybridoma cells presenting surface 
antibody: The same cell samples examined in Figure 8 were aliquoted and frozen for 
subsequent examination of receptor protein levels. Initial results comparing Iga and IgP 
receptor protein expression among the control HGS1 and transfected HGS lap cell lines 
are shown in Figure 9 and 10, respectively. Four of the Ig receptor plasmid transfected 
HGS lap cell lines express much more Iga receptor compared to undetectable levels in 
control HGS1 cells. These cell lines expressing Iga are the same lines showing 100% 
surface presentation of antibody in Figure 8 (C ap6, D ap7, F ap9, G aplO). The ap7 
line showed significantly less Iga protein expression than the three other lines showing 
strong surface expression. The aP7 line showed surface expression of antibody in 
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essentially all cells examined (Figure 8D, ap7), but at lower intensity than the other 
three surface expressing lines, showing a direct quantitative relationship between Iga 
levels and surface presentation. Two HGSlocfi cell lines showed no Iga protein 
expression on the Western (ap8 and api 1), and these two showed even less surface 
presentation than the controls. It seems possible that some form of co-suppression of 
Iga activity has occurred in these two negative lines. High levels of IgP protein were 
detected all HGS1 derived cell lines examined and these levels did not correlate with 
surface presentation of antibody (Figure 10). Thus, increased surface antibody 
presentation on the HGS 1 lines correlates directly and even semi-quantitatively with 
Iga receptor protein expression. 

Quantification of the mean fluorescence intensity of 50 cells in each population 
reveals that the transgenic Iga expressing cells (ap6, ap7, ap9 and apiO) present 
about 5-times more antibody than control cells as shown in Figure 11 A. A high 
percentage (60 to 80%) of strong Iga expressing cells show a mean fluorescence 
intensity 3-times greater than the mean for non-Iga expressing cells (Figure 11B). 
Only 0-6% of the control cells reach this level of intensity. The quantification of these 
data probably underestimated the actual increase in fluorescence of Iga expressing 
cells. These assays are limited by the dynamic range of our instrumentation for 
measuring the most fluorescent transgenic cells (i.e., many Iga cells are so bright they 
exceed the capacity of our instrumentation) and inability to assay all cells in a single 
focal plane. In addition, we see a low level of autofluorescence in labeled cells and 
weak background fluorescence in cells treated with an FITC labeled control antibody. 
This background may account for some of the fluorescence seen control cells (Figure 
8A & B). 

Additional experiments showed that Ig receptor overexpression and increased 
surface presentation of antibody did not prevent normal antibody secretion from 
hybridoma cells. Initial assays on cell supernatants from the eight lines examined in 
Figures 8-11 showed that each cell line still secreted significant level of mAbGSl 
monoclonal antibody. 
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Myelomas The same genetic alteration utilized above on hybridoma cells is 
performed on a standard myeloma fixsion partner Sp2/0. Sp2/0 is a myeloma cell line 
obtained from mice, Mus musculus (BALB/c). Sp2/0 is one of the founding myeloma 
cell lines used to make hybridoma fusions (Fraser and Venter, 1980; Greene et aL, 
1980; Hurwitz et aL, 1980). First, Sp2/0 cells were co-transfected with the p3.1NeoIga 
and p3.1ZeoIgp constructs and selected for G418 and Zeocin resistance, to produce 
new cell lines Sp2api, Sp2ap2, etc. These Sp2ap lines were characterized for Iga and 
IgP receptor expression on western blots as shown in Figure 12. Lines Sp2ctpl and 
Sp2ocp2, show strong Iga expression, and demonstrate that there is no post- 
transcriptional barrier to increasing receptor expression in myeloma cells. It appears 
that Igp is already expressed at measurable levels in the control Sp2/0 control cells. 
These myeloma cell lines are ready to be fused with B cells in order to make 
hybridomas. Myeloma cells can be fused to a B cell or other antibody producing cell 
by methods standard in the art. 

Fluorescent activated cell sorting further quantifies the increase in surface 
antibody presentation is linked to Iga expression: Total antibody on the surface of 
HGS1 cells and HGSlapiO cells was FITC labeled and the cells were sorted based on 
FITC fluorescence as shown in Figure 13. Comparison of panels A and B reveals that 
the mean fluorescence of the HGSlIgapiO cells is about 10-times greater than the 
fluorescence of HGS1 control cells (i.e., FL1 level of HGSlapiO cells in B is shifted 
about one log to the right of control HGS1 cells in A). Panel C examines the sorting of 
a mixture of these cells and shows a similar result. This difference in the mean level of 
fluorescence serves as an independent quantification of the effect of Iga expression to 
Figure 1 1 . Increasing Iga expression results in an increase in surface presentation of 
mouse antibody in hybridoma cells. In sorting of normal hybridoma cell populations 
prepared freshly from splenic B-cells there would be none of the background 
fluorescence due to GS antibody presentation (right hand shoulder on the peak in A), 
because most cells would be making antibodies to antigens other than GS. In 
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conclusion, this clear increase in fluorescence due to Igot expression demonstrates that 
DISH can be used in the direct selection of hybridomas. 

Throughout this application, various publications are referenced. The disclosures 
of these publications in their entireties are hereby incorporated by reference into this 
application in order to more fully describe the state of the art to which this invention 
pertains. 
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